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Recently, S. Naumov et al. had realized first room temperature diode pumped Cr:YaG
femtosecond laser with started by kerr lens mode-locking. They also reported the shortest
reported at 1.5um transform-limited 27 fs pulses using a novel hybrid dielectric InGaAs/InP
SESEM. We will use such kind of laser system for the intracavity THz generation.

Fig.1 shows the schematic diagram of the proposed experimental set up. We use the



ultralow-threshold cavity as ref of [15] for higher power scaling. The end mirror part is
replaced by a voltage-controled intracavity THz PC antenna for high power (7uW, intracavity
power~1W)) and borad band THz radiation. Pumping source will be our Gd:YVO;, solid state
high power laser.

Such kind of cavity will be used for the injection seeding from our two 1.5um laser diodes.
The low power 1.5um CW laser diodes inject to the high power CW Cr:YAG laser will resulted
in the amplification and achieve the high power and narrow line width 2-wavelength 1.5um CW
laser. It is very useful for the high power and narrow linewidth CW THz radiation at 1.5um
wavelength pumping. F. Siebe et al [16] had demonstrated high power CW dual color
Ti:sapphire laser system. K. J. Siebert et al.[17] had demonstrated dual wavelength Laser for
the THz imaging.
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The SESAM-based devices allow developing practical self-starting sources of ultra-short
pulses. The shortest pulses obtained so far in Cr4+:YAG using the broad-band
gold-reflector-based SESAM are 44 fs at 65mW at 1520 nm [18,19]. High-repetition-rate (up to
2.7 GHz) femtosecond Cr4+:YAG lasers have also been demonstrated [20-23] using both
techniques.

InGaAs/InP is a good QW structure for SESAM at 1550nm wavelength. We will use
strained InGaAs/InP for the low saturation fluence scheme. Because of the high loss gain
medium of Cr:YAG material, laser cavity should have high reflectivity and low loss SBR system.
We will use the high reflectivity and low residue loss SBR by MOCVD method (for the critical
semiconductor growth).
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2. LT-GaAs grown by MBE (molecular beam epitaxy) process has properties suitable for the PC
antenna substrate, that is, high resistivity, short carrier lifetime and relatively good carrier
mobility. However, it is not an easy task to fabricate good quality LT-GaAs epitaxial film
because optimization of the growth parameters, such as, the growth temperature, is required.
Thus we will use proton implanted InGaAs for the THz material.

THz emitter consists 15 pairs Al,O,/GaAs distributed Bragg reflector(DBR) and 100nm
thickness Proton-implanted InGaAs (InGaAs:H" )top layer fabricated on substrate (see fig.2).
Top A/2 layer is inserted with 2 QWSs (InGaAs:InP) for the saturable absorber. the pure active
layer of InGaAs:H" defect rich layer is also suitable for the extracavity THz emitter(high
pumping power for the high saturation fluence and break down voltage of defect rich region) and
detector (high resistivity for low noise). If we want to self starting mode-locking by the device,
the structure should be designed as the saturable absorber by quantum well. The structure is
shown in fig. 3. Reflectivity will be limited to > 80% for the intracavity lasing.

{N x DBR(AILO,/GaAs or InGaAs/AlAs)} or {Nb,Os/
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GaAs, d=0.45mm GaAk. d= 1;4 \
v
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The sample will be glued, using silver-paint, on two 2-mm-thick and 1-cm-wide copper
strips (for good heat sink), separated by 1 mm.[6] Copper strips will be connected to a
water-cooled copper block using an electrically insulating but thermally conductive sheet. A
20kHz, over £1000V square wave ac bias voltage will applied to the emitter. Some chirp
compensation (from 3" order GVD of the sample) component(like DCM) should be include
inside the cavity for the ultra broad band THz radiation.
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