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Ultrafast Optics and Photonics: Fundamental Studies and 

Applications   
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Abstract 

 

The abstract of this project report contain 

those items as following: 

1. THz-radiation from intracavity Saturable 

Bragg Reflector in the magnetic field with 

self-started mode-locking by Strained 

Saturable Bragg Reflector 

We demonstrate a new configuration for 

intracavity generation of THz-radiation. A 

magnetic-field biased saturable Bragg reflector 

(SBR) inside the femtosecond laser cavity in 

the magnetic field is the emitter, while a 

strained saturable Bragg reflector (SSBR) 

achieves self-started mode-locking without 

focusing.  The calibrated power of the 

emitted THz-radiation is estimated to be 

about 45 nW with peak frequency at 0.72 

THz and width of about 0.7 THz.  The 

quadratic dependence of THz-radiation 

power on the magnetic field was also 

observed. 

 

À� High-Average-Power Mode-locked 

Ti:Sapphire laser with Intracavity 

Continuous-Wave Amplifier and Strained 

Saturable Bragg Reflector 

  We demonstrate a new scheme for 

generation of high average power 

femtosecond pulses by incorporating an 

intra-cavity amplifier and a strained saturable 

Bragg reflector with low saturation fluence 

for self-starting mode-locking.  When the the 

Ti:sapphire oscillator and intra-cavity 

amplifier were pumped at 10 W and 15 W 

respectively, the average output power is as 

high as 1.62 W.  The pulse duration is about 

145 fs and the peak power reaches 160 kW at 

68 MHz repetition rate.  The pulse-

formation time of 400 µs is short enough to 
sustain stable mode-locking. 

 

3. Sub-picosecond pulse amplification in 

taper semiconductor optical amplifiers�

     Using the interferometric autocorrelator, 

we have characterized subpicosecond pulse 

injection-amplified in a tapered 

semiconductor optical amplifiers (SOA’s). 

The optical pulse before amplification is 

90fsec. We find the pulseidth broadened from 

480fsec to 530 fsec as the bias current 

increased from 0.98Ith to 1.11Ith. The order of 

magnitude of the chirp parameter was about 

1024 sec-2. We also reported for the first time 

that the chirp and GVD aprameter(~250fs/nm) 

of the tapered SOA is of the same order 

amgnitude as that of single stripe devices. 

 

4.  Pico-second response of single and multi-

dose arsenic–ion-implanted GaAs 

photoconductive devices 

   We reported a single and multi-dose As 

implanted GaAs (50keV, 100keV, 200keV, 

1016ions/cm2), The characteristics of the 

device after 600æ , 30min furnace annealed 

have been demonstrated. 

 

5. High-average-power Tunable Picosecond 

Pulses by Self-seeding and Resonant Driving 

of a Fabry-Perot Laser Diode 

   We have generated high-peak-power (1.4W), 

nearly transform-limited 7ps optical pulses 

tunable from 790 to 810 nm by self-seeding 

of a resonantly-driven gain-switched FP laser 

diode. 

 

6.  Generation of cw sub-terahertz radiation 

by photomixing of a tunable dual-wavelength 

external-cavity semiconductor laser 
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            We report generation and 

characterization of cw sub-terahertz radiation 

by photomixing output of a free-running 

tunable dual-wavelength laser diode on a LT-

GaAs dipole antenna.  Improvement in 

spectral purity of the THz radiation is 

expected by frequency stabilization of the 

laser.  Laser output can be increased by 

techniques such as injection locking. 

 

 

 

Keywords: saturable Bragg reflector (SBR), 

strained saturable Bragg reflector (SSBR), low 

saturation intensity, THz-radiation, magnetic 

field, High-average-power, mode lock, 

Ti:sapphire laser, intracavity continuous 

wave amplifier, Tapered semiconductor 

optical amplifier, Chirping, GVD, As-

implanted GaAs, resonantly-driven, gain-

switched FP laser diode, photomixing, dipole 

antenna, 
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5.  High-average-power Tunable 

Picosecond Pulses by Self-seeding and 

Resonant Driving of a Fabry-Perot 

Laser Diode 

 
������

Previously, one of the authors (C. T. Chang) 

reported high power (4W) short (14.5 ps) 

pulses from a gain-switched Fabry-Perot (FP) 

laser diode ( λ=0.8 um ) via resonant driving. 
These optical pulses are far from transform 

limited.   In this work, we report tunable, 

high-power, nearly-transform-limited, 

ultrashort pulse generation by wavelenghth 

selective self-seeding of a resonantly-driven 

ganin-switched FP laser diode. 

 
���	
 

The experimental set-up is shown in 

Fig.1 which combines resonant driving of a 

FP laser diode [25] with self-seeding from an 

external grating [26]. The purpose of LD 

resonant driving is to provide high driving 

pulse current (900 mA) needed for generation 

of high power, short optical pulses. The 

external grating is there to select a wavelength 

among many FP wavelengths within a gain-

switched optical pulse to self-seed  

subsequent pulses for single wavelength 

operation.  With a dc average current (or bias) 

current of 120 mA (1.5 laser threshold 

current) and the resonant driving pulse 

current of 900 mA, The 0.8 um FP laser 

diode (SONY LD 202V3) generated high 

power (4W) short pulse of 14.5 ps (FWHM) 

The correlation trace shown  in Fig. 2.  

 Self-seeding of the gain-switched pulses 

as shown on the right hand side of Fig.1 will 

result in a single wavelength operation of the 

gain switched FP laser, since the laser pulse 

was built up from the grating selected single 

wavelength coherent photons rather from 

incoherent photons via spontaneous emission. 

The incident angle set at about 80 degree with 

respect to the normal to the grating (1800 

lines/mm). The mirror reflection of the first 

order diffraction (about 20%) at an angle of 

32.5 degree is used for self-seeding and the 

zero order reflection (80%) by the grating is 

the laser output. To minimize pulse width 

and to maximize the output optical power, 

the distance from the mirror to the LD is 

adjusted to be around 30 cm corresponding to 

a round trip optical delay of 2 ns. It then 

generated nearly-tranform-limited 7-ps pulses 

at 500 MHz, as shown in Fig.3.  The pulse 

width reduction from 14.5 ps to 7 ps is the 

consequence of self-seeding, since the laser 

pulse was built up fast from more coherent 

optical photons (feedback via the grating) 

rather than from a small amount of incoherent 

photons via spontaneous emission.  The 

output wavelength can be tuned from 790nm 

to 810 nm as shown in Fig. 4 by slightly 

titling the mirror to reflect different FP 

wavelengths for self-seeding. The side mode 

suppression ratio was higher than 20 dB over 
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the above tuning wavelength range. 

In conclusion, we have generated 7 ps 

optical pulses by self-seeding and resonantly 

at 500 MHz driving of a FP laser diode. 

These single wavelength pulses are nearly 

transform limited with a time-bandwidth 

product of 0.41. The resonant driving 

enhances the LD driving current, while the 

external grating is used to select a wavelength 

among many FP wavelengths to self-seed the 

subsequent pulses for single tunable 

wavelength from 790 nm to 810 nm. We 

attribute the shortening of optical pulse 

width to 7 ps (from 14.5 ps gain switched 

pulses) as a consequence of fast stimulated 

emission initiated by self-seeding of more 

coherent optical photons from the 

wavelength selective grating. 
�

�

Fig. 1. Experimental arrangement for 

picosecond pulse generation by self-seeding 

and resonant driving of a Fabry-Perot laser 

diode.�

�

Fig. 2 The autocorrelation trace of the gain-

switched optical pulse from a FP laser diode, 

having a pulse width 14.5 ps(FWHM).�
�

�

Fig.3. The autocorrelation trace for optical 

pulses from self-seeding and resonant driving 

of a FP laser diode, having a FWHM of 7 ps. 

 

 

Fig.4. Tunable optical wavelength from self-

seeding and resonant driving of a FP laser 

diode 
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Fig. 1  Experimental Setup. 

 

 

 

 

 
 

Fig. 2  Configuration of the 2-λ-ECL. 
 

 
 

 

 

 

Fig. 3 Spectral separation of the 2-λ-ECL 
biased at I=420mA can be tuned from 0.14nm 

to 6.88nm 
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Fig. 4  Interferogram and the 

corresponding spectra for ∆λ=0.88 nm 
 

 
 

Fig. 5 Interferogram and the 

corresponding spectra for ∆λ=0.6 nm 
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