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Non 3f system  3f system 



Multiple-beam LED interferometry 

3f system 3f system 

Free from Noise 

Reference 

Object Both 
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3D dark field 3D flat beam 

profile 

320  pixels

256    pixels

9.60 mm

7.68   mm 30×30μm

Interferogram @ 
1500 nm 

Dark means no light 
enters the camera 
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2400 nW 7500 nW 24,000 nW 75,000 nW 

240,000 nW 684,000 nW 

600 nW 



Fiber laser @ 1500 nm 

Imra laser @ 800 nm 

Imra laser @ 800 nm 



Long coherent length Short coherent 
length



Interferometer Increase 
dynamic 
range of 

measurementVIPA + grating

Resolu'on	
  =	
  800/(1x1200xA)	
  
To resolve 1 GHz difference i.e. 0.0021 nm we need a grating of size 31.75 cm 

31.75 cm

1GHz	
  or	
  0.0021	
  nm	
  

31.75 cm31.75 cm



The VIPA dispersion is given by ABC - AD  dβ / dλ = (2 / λ)tanβ.
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Solid VIPA Air spaced 
VIPA

FSR = c
2t cos(θ )

t =1.686± 0.002mm

Grating

F-P



FSR = c
2t cos(θinput )

1+ tan(θinput )θoutput +
1
2
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Paraxial approximation

Plane wave

X
Y

Z

R = Z 1+ X
2

Z 2
+
Y 2

Z 2
≅ Z + ρ

2

2Z

θoutput ≅
XF

F

Spherical wave

0.98	
  

1	
  

1.02	
  

1.04	
  

1.06	
  

-­‐10	
   -­‐5	
   0	
   5	
   10	
  

FS
R	
  

Output	
  angle	
  (degree)	
  

Stronger quadratic variation with 
the output angles

8 deg.



Span = 10 nm

At Fourier plane

At	
  resolu'on	
  0.05	
  nm	
  of	
  OSA	
  

77 lines

Line width 
= 10 nm

Input Power = 
540 mw

80 MHz Ti 
Sapphire laser



Span = 10 nm

At Fourier plane 

Span = 2 nm

At	
  resolu'on	
  0.05	
  nm	
  of	
  OSA	
  

FSR = 3x108(1/799.62-1/799.75) = 60.99 GHZ λ1 = 799.62 nm
λ2 = 799.75 nm

77 lines



At	
  resolu'on	
  0.05	
  nm	
  of	
  OSA	
  

At	
  resolu'on	
  0.05	
  nm	
  of	
  OSA	
  

Span = 1 nm

With	
  perfect	
  slit	
  

With	
  'lted	
  slit	
  

OSA 

OSA 
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Span = 1 nm

Span = 1 nm

By tilted slit

Span = 1 nm

When Grating at the Fourier Plane is positioned

At	
  res.	
  0.05	
  nm	
  

At	
  res.	
  0.05	
  nm	
  

At	
  res.	
  0.05	
  nm	
  



Zero order

G
λ	
  1	
  

λ	
  2	
  

λ	
  N	
  

Spectrum from VIPA

Power is not 
sufficient
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1.3 nm 

res.	
  1.0	
  nm	
   res.	
  0.05	
  nm	
   res.	
  0.05	
  nm	
   Span	
  =	
  1	
  nm	
  

600 nW 
550 nW 450 nW 500 nW 

500 nW 300 nW 
200 nW 

Total	
  Energy	
  =	
  600+550+450+500+500+300+200	
  =	
  3100	
  
nW	
  

FSR	
  =	
  60.99	
  GHZ	
   FSR	
  =	
  56.50	
  GHZ	
   FSR	
  =	
  60.99	
  GHZ	
   FSR	
  =	
  60.99	
  GHZ	
  

FSR	
  =	
  60.99	
  GHZ	
   FSR	
  =	
  60.99	
  GHZ	
  
FSR	
  =	
  56.50	
  GHZ	
  

Total	
  FSR	
  =	
  
(60.99+56.50+60.99+60.99+60.9
9+60.99+56.50)/7=59.71	
  GHZ	
  

Dissipa'ng	
  Energy	
  =	
  12000-­‐3000	
  
=	
  9000	
  nW	
  	
  =	
  75	
  %	
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FSR	
  =	
  65.87	
  GHZ	
   FSR	
  =	
  65.87	
  GHZ	
   FSR	
  =	
  56.50	
  GHZ	
  

FSR	
  =	
  60.99	
  GHZ	
   FSR	
  =	
  60.99	
  GHZ	
  

Total	
  FSR	
  =	
  
(65.87+65.87+65.50+60.99+60.99)/5	
  =	
  
63.84	
  GHZ	
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OSA 
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Dissipated	
  Energy	
  
=	
  85-­‐80	
  %	
  

Observed	
  Energy	
  
=15	
  -­‐	
  20%	
  

Energy	
  =	
  15	
  -­‐	
  20	
  %	
  

OSA observes 
15 – 20 % of 

the whole 
Energy

FSR = N frep 
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High repetition rate frep is desired ( easy to resolve line by line) 1 GHz gives 0.0021 nm
Low repetition rate frep ( difficult to resolve line by line)       80 MHz gives 0.000168 nm

1GHz

Those lines will be fully 
resolved at around 800 MHz 
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A light  source  having  a  Gaussian  spectrum  centered  at  wavelength  λ0   and  a 
bandwidth Δλ has a coherence length given by

LC =
2 ln2
π

. λ0
2

Δλ
The narrower the spectral bandwidth of a wave, the higher its temporal coherence will be.  

When Δλ = 0.07 nm and λ0 = 798.20 nm LC = 0.44 x (798.20)2/(0.07) = 0.4 cm    

When Δλ = 1.3 nm and λ0 = 798.50 nm LC = 0.44 x (798.50)2/(1.3) = 0.02 cm    

1.3 nm 
0.07 nm 

Main wavelength
from VIPA

Power = 600 nW 

Divided wavelength
res.	
  1.0	
  nm	
   res.	
  0.05	
  nm	
  

Power = 12,000 nW 

Power 
20 times greater

FWHM 

FWHM 

Coherence is 20 times greater



Fundamental  
wavelength  
= 800 nm,  

Power = 530 mW 

Wavelength 
= 798.33 nm 
at res. 1 nm Around 1 nm 



•  Wavelength against half width (changed) 

•  Wavelength against FSR (no change) 

60 GHZ 

10 GHZ 

Mitigated modes 
Mirror 1 Mirror 2 

M = 1 

M = 10 
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Thank	
  you	
  for	
  listening.	
  
Any	
  ques'ons	
  or	
  sugges'ons?	
  


