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Abstract

The abstract of this project report contain
those 1tems as following:
1. THz-radiation from intracavity Saturable
Bragg Reflector m the magnetic field with
self-started mode-locking by  Stramed
Saturable Bragg Reflector

We demonstrate a new configuration for
intracavity generation of THz-radiation. A
magnetic-field biased saturable Bragg reflector
(SBR) mside the femtosecond laser cavity in
the magnetic field 15 the emutter, wlile a
strained saturable Bragg reflector (SSBR)
achieves self-started mode-locking without
focusmg.  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.

2. High-Average-Power Mode-locked
TiSapphire  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 mcorporating an

Iintra-cavity amplifier and a strained saturable

Bragg reflector with low saturation fluence

for self-starting mode-locking. When the the

Tisapphire oscillator and mtra-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 ps is short enough to
sustain stable mode-locking.

3. Sub-picosecond pulse amplification in
taper semiconductor optical amplifiers

Using the mterferometric autocorrelator,
we have characterized subpicosecond pulse
mnjection-amplified In a tapered
semiconductor optical amplfiers (SOA’s).
The optical pulse before amplification is
O0fsec. We find the pulseidth broadened from
430fsec to 530 fsec as the bias current
increased from 09814 to 1.1114. The order of
magnitude of the chup parameter was about
10%* sec?. We also reported for the first time
that the chirp and GVD aprameter(~250fs/nm)
of the tapered SOA 1s 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,
10'%ons/cm?), The characteristics of the
device after 600°C, 30min furnace annealed
have been demonstrated.

5. High-average-power Tunable Picosecond
Pulses by Self-seeding and Resonant Drving
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-diven gain-switched FP laser
diode.

6. Generation of cw sub-terahertz radiation
by photomixing of a tunable dual-wavelength
external-cavity semiconductor laser



We report generation  and
characterization of cw sub-terahertz radiation
by photomixing output of a free-runmng
tunable dual-wavelength laser diode on a LT-
GaAs dipole antenna. Improvement in
spectral punty of the THz radiation is
expected by frequency stabilization of the
laser. Laser output can be increased by
technicjues such as mjection locking.

Keywords: saturable Bragg reflector (SBR),
strained saturable Bragg reflector (SSBR), low
saturation intensity, THz-radiation, magnetic
field, High-average-power, mode lock,
Tisapphire laser, intracavity continuous
wave amplifier, Tapered semiconductor
optical amplifier, Chirping, GVD, As-
mmplanted GaAs, resonantly-ditven, gain-
switched FP laser diode, photomixing, dipole
antenna,
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S. High-average-power Tunable
Picosecond Pulses by Self-seeding and

Resonant Driving of a Fabry-Perot
Laser Diode

% B

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 ( A=0.8 um ) via resonant diving.
These optical pulses are far from transform
limited. In this work, we report tunable,
high-power, nearly-transform-limited,
ultrashort pulse generation by wavelenghth
selectrve self-seeding of a resonantly-drrven
ganin-switched FP laser diode.

BREF W

The experimental set-up is shown m
Fig.l which combines resonant driving of a
FP laser diode [25] with self-seeding from an
external grating [26]. The puwpose of LD
resonant diving 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 drving 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 m Fig. 2.
Self-seeding of the gain-switched pulses
as shown on the right hand side of Fig.1 wil
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 1s used for self-seeding and the
zero order reflection (80%) by the grating is
the laser output. To mimmize pulse width
and to maximuze 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 Fig3. The pulse
width reduction from 14.5 ps to 7 ps is the
consequence of self-seeding, since the laser
pulse was bult up fast from more coherent
optical photons (feedback via the grating)
rather than from a small amount of incoherent
photons wvia spontaneous emission. The
output wavelength can be tuned from 790nm
to 810 nm as shown in Fig. 4 by slightly
tithng the muror to reflect different FP
wavelengths for self-seeding. The side mode
suppression ratio was higher than 20 dB over



the above tuning wavelength range.
In conclusion, we have generated 7 ps

optical pulses by self-seeding and resonantly
at 500 MHz duiving of a FP laser diode.
These single wavelength pulses are nearly
transform lmmted with a time-bandwidth
product of 0.41. The resonant drving
enhances the LD drving 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 consecuence of fast stimulated
emission Initiated by self-seeding of more

coherent optical photons from  the
wavelength selective grating.
RF Drive Camb Variahle Delay
Taput Geaerator . Line objective
0,.1' Lt lens grating
: 1
; N . Bias
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Fig. 1. Expenmental amrangement for

picosecond pulse generation by self-seeding
and resonant drving of a Fabry-Perot laser
diode.
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Fig. 2 The autocorrelation trace of the gain-
switched optical pulse from a FP laser diode,
having a pulse width 14.5 ps(FWHM).
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Fig3. The autocorrelation trace for optical
pulses from self-seeding and resonant driving
of a FP laser diode, having a FWHM of 7 ps.
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Fig. 4. Tunable optical wavelength from self-
seeding and resonant dirving of a FP laser
diode
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Fig. 1 Experimental Setup.
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Fig. 2 Configuration of the 2-A-ECL.
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to 6.88nm



a
I‘E
=
=0 200 400 G 00 300 1000 1200
= Time(ps)
= T T
So
[+
b
0.2 0.‘3 0.‘4 0.‘5 0.6
Frequency(THz)
Fig.4  Interferogram and the
corresponding spectra for AA=0.88 nm
a E
= ]
= 3
= 3
=] s s \ , , ) E
‘CE" L1] S0 100 150 200 250 300 350
= Time(ps)
= T T
S
-tz' 2ZA=0.6nm
pump =10m W
b
0.0 0.1 0.2 0.3 0.4 0.5
Frequency(I'Hz)
Fig.5  Interferogram and the

corresponding spectra for AA=0.6 nm

_—

N =P
References
1. D.H Auston: Appl. Phys. Lett. 43 (1983) 713.

2. X -C.Zhagand D. H. Auston: J. Appl. Phys.
71 (1992) 326.
3.

P. C. M. Planken, M. C. Nuss, W. H. Knox, D.
A. B. Miller and K. W. Goossen: Appl. Phys.
Lett. 61 (1992) 2009.

N. Sarulkura, H. Ohtake, Z. Liu, S. Izmida, T.
Ratani, T. Sugaya, T. Nakagawa and Y.
Sugiyama: Jpn. J. Appl. Phys. 36 (1997) 560.
N. Sarukura, H. Ohtake, Z. Liu, T. Ratani, T.

Sugaya, T. Nakagawa and Y. Sugiyama: Jpn. J.
Appl. Phys. 37 (1998) 125.

12

Jia-Min Shieh, T. C. Huang, K. F. Huang, Chi-
Luen Wang, Ci-Ling Pan: Opt. Commumications.
156 (1998) 53.

X -C.Zhang, Y. Jin, T. D. Hewitt, T. Sangsiri,
L. E. Kingsley and M. Weiner: Appl. Phys. Lett.
62 (1993) 2003.

N. Samukura, H. Ohtake, S. Izmida and Z. Liu,
J. Appl. Phys, 84 (1998) 654.

L. X, G. Tempea, Ch. Spielmann ) F. Krausz, A.
Stingl, K. Ferencz, and S. Takano, Opt. Lett. 23,
789 (1998).

10. A. Baltuska, Z. Wei, M. S. Pshenichnikov, D.
A. Wiersma, and R. Szipocs, Appl. Phys. B 65,
175 (1997)

11. Z. Liu, S. Izmida, S. Ono, H. Ohtake, and N.
Sarulmra, Appl. Phys. Lett. 74, 3622 (1999).

I12. 7. M. Shich, T. C. Huang, K. F. Huang, C. L.
Wang, and C. L. Pan, Opt. Commmm. 156, 53
(1998).

13. N. Saukura and Y. Ishida, Opt. Lett. 17, 61
(1992).

I4.3. C. Kuo and C. L. Pan, Opt. Lett. 15, 1297
(1990).

15. 3. Goodberlet, J. Wang, J. G. Fujimoto, and P.
A. Schulz, Opt. Lett. 15, 1300 (1990).

16. rin Mar, Roger Helkey, John Bowers, David
Mehuys, and David Welch, ‘“Mode-Locked
Operation of Master Oscillator Power Amp-lifier”,
IEEE Photonics Tech. Lett., vol.6, H9,
pp.1067-1069, 1994

17. Lew goldverg, D. Mehuys, and D.Welch *“High
Power Mode-Locked Compound Laser Using a
Tapered  Semiconductor Amplifie”’, IEEE
Photonics Tech. Lett., vol.6, H9, pp.1070-1072,
1994

18. MY Hong, YH Chag, A. Dienes, J.
P Heritage , P. J. Delfyett) Sol Dijaili, and F. G.
Patterson, “Femtosecond Sed and Cross-Phase
Modulation in  Semiconductor Laser Amplifiers”,
IEEE J. Q. E. vol.2 ,no.3, Sep., 1996.

19. v H. Hong, 1.V. Goltser, M. Jiang, M.N. Islam,
and G. Raybon, “Gamn dispersion mduced
subpicosecond pulse breakup I a fiber and
semiconductor laser amplifier combined system”’,
Appl. Phys. Lett. 69 (27), 30 December 1996.

20. F. Ganikhanov, G.-R. Lin, W.-C. Chen, C.-S.
Chang, and C.-L. Pan, ““Subpicosecond carier
lifetime in arsenic-ion-implanted GaAs > Appl.
Phys. Lett. Vol. 67, pp. 3465-3467, Dec. 4,
1995.

21. G-R.Lin, W.-C. Chen, C.-S. Chang, and C.-L.
Pan, ““Effect of rapid thermal amnealing on caier



lifetimes of arsenic-ion-implanted GaAs )’ ibid.,
69 ,pp. 996-998 , August 12, 1996.

22.H. H Wang, P. Crenier, J. F. Whitaker, H.
Fujioka, J. Jasinski, and Z. Lilienthal-Weber,
IEEE J. Sel. Top. Quantum. 2, 630 (1996).

23. Gong-Ru Lin and Ci-Ling Pan, “Picosecond
Responses of Low-Dosage Arsenic-Ion-Implanted
GaAs Photoconductors,”” Appl. Phys. Lett., Vol.
71, No. 20, pp. 2901 -2903, Nov. 17, 1997.

24. Gong-Ru Lin, Wen-Clamg Chen, Shyh-Chin
Chao, C.-S. Chang, Kamg-Hsimg Wu, T. M.
Hsu, W. C. Lee, and , Ci-Ling Pan_‘“Material
and Ultrafast Optoelectronic Properties of Highly
Resistive Arsenic-ion-implanted GaAs )’ IEEE J.
Quantum Electron., Vol. 34, No. 9, pp. 1740 -
1748, September, 1998.

25. C.T. Chang, C.K. Sun, D.J. Albares, and E. W.
Jacob, ¢ High-Energy (59pJ) and Low-Jitter (250
) Picosecond Pulses from Gam-Switching of a
Tapered Laser Diode via Resonant Driving)”’
IEEE Photon. Technol. Lett. 8. 1157-1159

(1996).

26.CL. Pan and C. L. Wang, A Novel Tunable
Dual-Wavelength Extermal —Cavity Laser Diode
and ks applications )’ Optical and Quantum
Electron. 28. 1239-1257 (1996).

27.K. A. Mchtosh, E. R. Brown, K. B. Nichols, O.

B. McMahon, W. F. DiNatale and T. M.
Lyszczarz, Appl. Phys. Lett. 67 (1995) 3844.

28. M. Hyodo, M. Tani, S. Matsnra, N. Onodera
and K. Sakai, Electronics Lett. 32 (1996) 1589.

29. T. Hidaka, M. Tani, S. Matsinra and K. Sakai,
IEEE Electron. Dec. Lett., 33 (1997) 2039.

30.P. Gu, M. Tani, M. Hyodo, K. Sakai, nd T.
Hidaka, Jpn. J. Appl. Phys. 37 (1998) L976.

31.c.L. Wang and C. L. Pan, Appl. Phys. Lett. 64
(1994) 3089.

32.C.L. Wangand C. L. Pan, Opt. Lett. 20 (1995)
1292.

13



