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Abstract: We demonstrate that the, carker-envelope phase of ultrashort pulses can be used to control 
injected photocurrents via..quantum inierference. in low-temp4mture-gmwn gallium arsenide. 
OCIS dn: (320.7130) Ultrafa? pmcpsSes in condensed matter, including semiconductors: (IZ0.5050) Phas; 
measurement; (190.5970) Semiconductor nmlinear optics including MQW, (270.1670) Coherent optical bffects; 

The observati,on of quantum interference control (QIC) of injected photocuwnts in semiconductors w e  first 
reported in 1997 [l], and has since been extensively stud@ both experimentally and theoretically [2]. When two 
phase-coherent, harmonically related pulses iire focused onto a metal-semiconductor-metal (MSM) structure, the 
direction and niagnitude of the optically injected photocurrents can be controlled by adjusting the relative phase of 
the two incident pulses. This effect is due to quantum interference between single- and two-photon absorption in the 
semiconductor as depicted in Fig. 1 (see caption for description). 

In this WO& we demon+e QIC using sirigle ultrasholt laser pulses rather tban pairs of harmonically related 
pu&es. In this case, the resulting photocuknt is sensitive to the actual phase of the optical carrier relative to the 
pulse envelope (the canier-envelope phase) rather than the phase difference between two sepamte pulses. The 
ability to generate the phase-stable pulses that are required to observe this effect is enabled by recent effons to 
stabilize the canier-envelope phase of modelocked femtosecond lasers. Many researchers currently use an elegant 
self-referencing technique known as v-to-2v stabilization for this purpose [3]. This involves inleIferometrically 
comparing the optical phasi of the low frequency tail of an octave-spanning (spanning a factor of two) pulse 
spectrum at v with that of the high frequency tail at 2v through second harmonic generation. The resulting beat note 
is detected and used as an error signal in a feedback loop to stabilize the canier-ewelope phase in the time domain 
[4]. Once this phase is stabilized for an octave-spanning pulse, sufficient coherence can be achieved between the 
comb components at fquencies v and 2v. Fig. 1 show's that these low and high frequency tails of the broad pulse 
spectrum can replace t d pulses uied in previous studies. 
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Fig. 1: Quantum interferen& between single- and two-photon absorption in a direct-gap semiconductor. For the c m  
where the two quantum pathways interfere constructively in the k direction and destmctively for +k, an imbalance in the 
carrier populalion (represented by dark ovals) oceun, resulting in a net photocurrent in the positive direction. We use the 
canier-envelope-phase of single octave-spanning pulses to control the quantum interference rather than pain of 
harmonically dated pulse. 

As shown in Fig. 2(a), we bmaden one-third of the light from a modelocked Ti:S laser in a microstructure fiber, pass 
it through a thin glass plate, and use it in a feedback loop to stabilize the evolution of the laser's camer-envelope 
phase to 2.38 kHz using the standard v-to-2v technique [3]. We broaden the remaining light in a microstmctnre 
fiber, retroreflect it through a pair of prisms for time delay compensation, and focus it onto a low-temperature-gmin 
gallium arsenide (LT-GaAs) sample with lithographic MSM stmctms [see Fig. 2(b) and Ref. [5 ]  for details]. 
Because we stabilize the evolution of the canier-envelope phase using the v-to-2v interferometer, we can perform 
sensitive lock-in detection of the resulting signal from the sample at this frequency 
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FIE. 2 (a) Experimental setup used to observe quantum intderence control (QlC) with a single pulse train. Ti:S 
characteristics: pulse duration <20 fs, average power <400 mW (can be attenuated); repetition rate = 93 MHz. The 
avgeragepowen, spotdiameters,and 10dBspearalwidthsare 12.5mW(1.22mW), 11.5~0.7~(10.2~0.7p), and90 
nm (50 nm) for v and ZV, respectively, at the sample. MS = mimostructure. (b) LT-GaAs sample with lithographic metal- 
semiconductor-metal structure. The MSM gap io  I O  p. 

To c o n f m  the QIC signal dependence on the canier-envelope phase, we rotate the glass plate shown in Fig. 2(a). 
This shifts the canier-envelope phase to which the Ti:S laser is locked. Figure 3(a) shows the detected signal phase 
from the lock-in amplifier as the glass plate is turned through six different angles. The dark bars indicate the 
predicted phase shifts based on the glass thickness and dispersion. 
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