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Applications 

• spectral imaging of the 
pulse temporal profile  

 

• femtosecond pulse 
undistorted delivery  

 

• similariton fiber lasers 

 

• nonlinear vibrational 
microscopy (CARS) 
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Recent results 

• 8.7x transform-limited SC 
through the shaping of 
negatively chirped 
parabolic pulses 

 

 

• 12x compression ratio in 
an all-fiber configuration 
for telecommunication 
wavelengths 

E. R. Andresen, et al  

“Transform-limited spectral 

compression by self-phase 

modulation of amplitude-shaped 

pulses with negative chirp,” Opt. 

Lett. 36, 707–709 (2011). 

J. Fatome, et al  

“All-fiber spectral compression of 

picosecond pulses at 

telecommunication wavelength 

enhanced by amplitude shaping,” 

Appl. Opt. 51, 4547–4553 (2012). 

6 



Spectral compressor 

pulse compressor 

spectral compressor 

GVD<0 
2

n

GVD<0 2
n

7 

spectrum 

pulse 

spectrum 

pulse 



Physical pattern of the process 
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Research objectives 
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Classic scheme 

Parallel scheme 

SFG 

spectrum 

pulse 

SMF 

SMF 



SC by classic 

technique 

 

 

 

 

 

all-fiber SC 

 

 

 

 

  

SC by the SFG 

similaritonic 

technique 

Research subjects 

input spectrum 

input pulse 

prism-DDL 

HCF SMF 

prism-DDL 

SMF 

SFG 

SMF 

output spectrum 

output pulse 
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Concept 

n2 diffraction / dispersion 

beam focusing / pulse compression 

x    t x    t 

Spectral compressor is a 

temporal Kerr-lens, which 

“collimates” the radiation in 

time, and “focuses” the 

spectrum. 

spatio-temporal analogy:   

 

 

 

 

spectral domain (k / ): 

 k     

beam collimation / spectral compression 

k     n2 
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Aberrations of temporal Kerr lens  

fiber 
fs pulse 

NL Schrödinger equation: 
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Experimental setup of  

classic technique of SC  

Ti:Sapphire KLM  

laser 

 

DDL OSA SMF 

Coherent Verdi 10 + 

Mira 900F 
 

FWHM: 100 fs 
 

bandwidth: 11 nm 

@800 nm 

 

1.5 W avg. power at 

76 MHz   

SF11 prism 

pair 

 

distance: 

3.75 m 
Newport F-SE 

780 nm SMF 

 

length: 92 cm 

ANDO AQ-6315 

optical spectrum 

analyzer 
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Classic SC 

11.3 nm spectrum 0.92 nm spectrum 

12x SC 
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Ti:Sapphire KLM  

laser 

 

OSA 
HCF 
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ThorLabs HCF-

800 

 

Experimental setup of Self SC scheme 

Coherent Verdi 10 + 

Mira 900F 
 

FWHM: 100 fs 
 

bandwidth: 11 nm 

@800 nm 

 

1.5 W avg. power at 

76 MHz 

ThorLabs HCF-800 

length: 2 m 

ANDO AQ-6315 

optical spectrum 

analyzer 
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1.3x SC 

Self-SC 

spectral width and 

autocorrelation duration 

vs power 
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Evolution “map” for self-SC process 
for initial secant-hyperbolic pulse R=0.4 











3D pattern of self-SC  
for initial Gaussian pulse (R=0.6) 
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Experimental setup of  

all-fiber technique of SC  

Ti:Sapphire KLM  

laser 

 

OSA HCF SMF 

Coherent Verdi 10 + Mira 

900F 

FWHM: 100 fs 

 

bandwidth: 11 nm @808 

nm 

1.5 W avg. power @76 

Mhz 

   

ThorLabs HCF-800 

 

length: 2 m 

Newport F-SE 

@780 nm 

 

length: 80 cm 

ANDO AQ-6315 

optical spectrum 

analyzer 
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All-fiber SC 

10.9 nm spectrum 1.3 nm spectrum 

8x SC 

20 



Experimental setup of 

similaritonic technique of SC  

Ti:Sapphire KLM  

laser 
DDL 

BS 

M 

M 

M 

Lens 

SFG OSA 

compressed spectrum @400 nm 

SMF 

Newport F-SPF PM@820 

length: 1.65 

SF11 prism pair 

distance: 3.5 m  

Coherent Verdi 10 + 

Mira 900F 

pulse duration: 100 fs 

bandwidth: 11 nm @800 

nm 

1.5 W avg. power at 76 

Mhz 

  

BBO 

ANDO AQ-6315 

optical spectrum 

analyzer 
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SC with similaritonic technique 

11.1 nm spectrum @800 nm 0.12 nm spectrum @400 nm 

23x SC 
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SFG with 

similariton 

laser spectrum  

11.1 nm spectrum @800 nm 
SH 2.7 nm spectrum @400 nm 

SFG without SC 

Mode Locked 

Laser on 800 nm
Delay

SMF

BS

M

M

M

Lense

SFG OSA

2
n

Laser Spectrum 

on 400 nm

Mode Locked 

Laser on 800 nm
Delay

SMF

BS

M

M

M

Lense

SFG OSA

2
n

Laser Spectrum 

on 400 nm
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Mode Locked 

Laser @800 nm 

Laser Spectrum 

@400 nm 



Experimental setup of 
all-fiber similaritonic technique of SC  

Ti:Sapphire KLM  

laser 
HCF 

BS 

M 

M 

M 

Lens 

SFG OSA SMF 

Newport F-SE @780 nm 

length: 80 cm 

ThorLabs HCF-800 

 

length: 2 m 

BBO 

ANDO AQ-6315 

optical spectrum 

analyzer 
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Coherent Verdi 10 + Mira 

900F 

FWHM: 100 fs 

 

bandwidth: 11 nm @808 

nm 

1.5 W avg. power @76 

Mhz 



All-fiber similaritonic technique of SC  

11x SC 
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10.1 nm spectrum @800 nm 0.22 nm spectrum @400 nm 



Conclusion 

• 12x SC with classic technique 

• 1.3x compression with self SC method  

• 8x SC with all-fiber technique with use of 

HCF 

• 11x SC by similaritonic technique with use of 

HCF 

• 23x aberration-free SC by similaritonic 

technique with SFG   
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An important application of SC 

 

 

Femtosecond Optical Oscilloscope 



Spectral compressor is a time lens, which “collimates” the radiation in time, and 

“focuses” the spectrum.  

 

FT in the usual lens            conversion. 
 

FT in the time lens             conversion, frequency tuning, and 

    spectrotemporal imaging. 

Concept of time lens  

beam focusing  

/ pulse compression 

beam collimation  

/ spectral compression 

Space-to-time analogy:  

The use of similariton makes the time lens parabolic and aberration-free. 

kx


→

ωt→

x    t x    t 
diffraction / 

dispersion 
2

n

0x

1x

0k

1k


t   x 

       time lens  spectrometer  

I(t) 
I() 

I(x) 
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Prototype of  
fs oscilloscope 

implemented prototype 

OSA 

BS 

HWP 

GR1 

GR2 

L 

BBO 

HWP 

HWP 

fiber 

М 

М 

М 

М 

3D model 

30 cm 
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Chromo-modal dispersion 

Eric D. Diebold et al.  

“Giant tunable optical dispersion using chromo-

modal excitation of a multimode waveguide”  

Vol. 19, No. 24, Optics Express 23817 (2011). 

scheme of chromo modal 

dispersion device  

mode profiles  

at the output of the CMD 



Results of chromo-modal dispersion 
experiments 

31 



Երևանի Պետական Համալսարան 

Ֆիզիկայի ֆակուլտետ 

Օպտիկայի ամբիոն 

Ավարտական աշխատանք 

ՈՉ ԳԾԱՅԻՆ-ԴԻՍՊԵՐՍԻՈՆ ՍԻՄԻԼԱՐԻՏՈՆԻ 

ԳԵՆԵՐԱՑՄԱՆ  ՀԱԿԱԴԱՐՁ  ԽՆԴԻՐԸ 

Ուսանող՝ Հրաչ Տոնեյան 

 
Ղեկավար՝ Լևոն Մուրադյան 

ԵՐԵՎԱՆ – 2013 
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Reverse problem of NL-D similariton shaping 

Principle:  

-50  0  50 2               0              time 

0 

1 

1 

I(t) 

1 
I(t) 

 

0.2 

Results: 
Super  

Gaussian 

pulse 

Gaussian pulse Gaussian pulse 

asymmetric pulse 

sech pulse 

input and  

retrieved  

pulses 

Simulation 

parameters: 

R ≡ LD / LNL= 50 

f ≡ z/LD = 5 

LD  ≡ τ0
2/β2 

LNL  ≡ (β0n2I0)
-1 

input  

pulse similariton 
retrieved  

pulse 

2 f f
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