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Theory Behind Pump -Probe Technique  
 

The pump pulse generates optically excited carriers 

in the sample.  

A small change in the refractive index and reflectivity 

of the semiconducting layer occurs with a significant 

carrier density created by the pump pulse.  
As the electron -hole pairs recombine or become 

trapped by defects in the sample, the photo -

generated carrier density decreases resulting in a 

decrease in the change in the refractive index and 

reflectivity of the sample.  
The probe pulse after traveling through a variable 

time delay arrives at the sample, spatially overlapped 

with pump pulse.  

Depending upon the delay, a varying amount of the 

probe is reflected.   

By mapping out the delay and the amount reflected, 
it is possible to determine the lifetime of the carriers, 

and the overall quality of the semiconducting sample.  

Source  
 

Nd:Vandate laser at 

wavelength 1064 -nm  

SESAM (semiconductor 

saturable absorber 

modelocking) modelocked 
laser with nominal 

pulsewidth at 7 ps and a 

repetition rate of 76 MHz  

�‡�6�R�O�X�W�L�R�Q�� 
 
  A measure of the quality of the semiconducting material 

is the lifetime of optically generated carriers excited by short 
pulses of light.  Typically, a short lifetime corresponds to a poor 

quality sample; the photo -excited carriers become trapped 

rapidly by defects in the sample.  While a long carrier lifetime 
usually corresponds to a high quality sample.  These lifetimes 

can be as short as several picoseconds (ps).  
 

  A time - resolved reflectivity measurement is one method 
to determine the lifetime of the photo -generated carriers.  The 

carriers contribute to a small change in the refractive index and 
the reflectivity of the material.  To perform a time - resolved 

reflectivity measurement, the pump -probe technique  can be 

used to map out the small change in reflectivity, and thus 
determine the lifetime of the carriers and the quality of 

semiconducting layer.  
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  One of the main goals of MIRTHE is to develop high 

quality but low cost trace gas sensing devices for health and  
environmental measurements which make use of Quantum 

Cascade Lasers (QCLs).  The performance of the sensors 

depends upon the characteristics and quality of the 
semiconductor layers which make up the QCLs.  Layers grown 

from new materials, different techniques, and varying 
compositions demand characterization .  

Motivation  

The infrared wavelength of the 

laser was frequency -doubled to a 

visible wavelength of 532 -nm 
(green) using a nonlinear optical 

crystal of potassium titanyl 

phosphate (KTP)  

Experimental Data  

Fitted InP Lifetime: 1263 ps  

*Used to check validity of setup  

*Expected to have exceeding 
long lifetime  

*InP is a typical substrate used 
to grow QCLs layers on  
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Fitted Sample A2430 Lifetime:  T1 = 29   ps  

             T2 = 287 ps  

*Sample A2430 ZnCdSe  

*Expected to have long lifetime  
*Expected to be high quality 

sample due to narrow PL peak  
*Sample grown from Molecular 

beam epitaxy  (MBE)  
*Sample could be used as a 

Quantum Well in a QCL  

Pump Power: 100 mW  

Probe Power: 3.5 mW  

Conclusions  
 
  The time - resolved reflectivity measurements produced good data.  

Measurements on Sample A2430 confirm that the sample is indeed of high quality 

and that it could make a very good II -VI semiconducting layer  in a Quantum 

Cascade Laser.   
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** Future time - resolved reflectivity measurements will be 

performed on sample A2360 which is expected to be a 
poor quality sample because of a broad PL peak.  It 

should produce carriers with an exceeding short lifetime.  
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