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Microlasers and coherent exciton-polariton emission 
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* NTT Basic Research Laboratories, Musashinoshi, Tokyo 180, Japan 
** Ginzton Laboratory, Stanford University, Stanford, CA 94305, USA.  

We discuss the spontaneous emission of quantum well excitons in a monolithic microcav- 

ity. When the quantum well is excited by a nonresonant pump wave at high above the 

bandgap, the incoherent spontaneous emission is concentrated on the single resonant mode 

and the laser threshold is reduced by many orders of magnitude. When the quantum well 

exciton is excited by a resonant pump wave, the coherent spontaneous emission based on 

a "microcavity exciton-polariton" is observed. The spectral linewidth and the polariza- 

tion of the pump wave are preserved and the coupling efficiency into the single resonant 

mode approaches 100%. The microcavity-induced normal mode splitting is observed in the 

frequency domain by photoexcitation spectrum measurements and in the time domain by 

pump-probe measurements. 

1. Introduction 

Spontaneous emission is not a fixed property of an atom but a consequence of atom-vacuum 

field coupling. The decay rate, transition energy (frequency), and radiation pattern of spontaneous 

emission can be a1tered.b~ modifying the vacuum field fluctuations in the vicinity of the radiating 

system by a cavity wall. The principle, often referred to as "cavity quantum electrodynamics (cavity 

QED)", is a classic theoretical problem. A cavity enhanced or suppressed spontaneous decay rate 

was predicted by Purcell in 1946 [I]. A cavity induced radiative energy shift was predicted by 

Casimir and Polder in 1948 [2]. A coherent coupling of an atom and single-mode vacuum field 

was formulated by Jaynes and Cummings in 1963 [3]. Various coherent cavity &ED effects such as 

reversible (or coherent) spontaneous emission, normal mode (or vacuum Rabi) splitting, and quantum 

collapse and revival were predicted using the Jaynes-Cummings model [4]. Those effects have been 

observed recently using either Rydberg atoms in microwave superconductor cavities or atoms in 

optical dielectric cavities [5 ,  61. The spontaneous emission of quantum well (QW) excitons was also 

modified by a monolithic microcavity [7]. Recently, the normal mode splitting was observed for the 

coupled exciton and photon system in a microcavity [8]. 

The normal modes in solids involving excitons and photons are "polaritons" [9], which are "sta- 

tionary" (do not radiatively decay) in a bulk material without translational-invariance breaking 

defects. However, for the excitons confined in a QW which inherently breaks full translational in- 

variance, the electromagnetic decay channel is open for excitons with the in-plane wavenumber kll 
lying below the crossing with the photon dispersion line ko = ( w / q ) n .  On the other hand, the QW 
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the dephasing scattering. A similar decrease in the normal mode splitting was observed by increasing 

the pump rate. This result is compatible with the theoretical prediction for the transition from the 

two-peak vacuum Rabi splitting to the three-peak ac Stark splitting (Mollow's triplet) by the increase 

of the coherent radiation field in the cavity [17]. 

Fig. 12. (a) The observed exciton-polariton nor- (b) The theoretical normal mode splitting fVat 

ma1 mode splitting. vs. the homogeneous linewidth SH. 

4. Transient response with pulse excitation 

When the QW was excited at 4 K by the two successive 100 fsec pulses from the Ti:A1203 

laser at well above the bandgap, we observed the seperation time-dependent spontaneous emission 

intensity as shown in Fig. 13. The first pulse excites the QW just below the threshold and the second 

pulse turns on lasing if the second pulse arrives before the population decays radiatively. However, 

if the second pulse arrives after the population decays radiatively, the second pulse does not turn on 

lasing. In this way, the measured decay time of about 200 psec is considered as the radiative lifetime 

of incoherent spontaneous emission at 4 K. 
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Fig. 13. Time delay incoherent spontaneous emission measurement for excitation with two 

successive nonresonant 100 fsec pulses. (a) Experimental setup. (b) Measurement result. 

Figure 14 shows the result of the cross-polarized pump-probe experiment of the resonant excitation 

of cold excitons at 4 K. The pump and variably delayed probe pulses are in orthogonal polarizations. 

A coherent Rabi oscillation with a 650 fsec period, damped by a cavity photon lifetime of 0.8 psec 

was clearly seen in the differential reflection coefficient of the probe pulse. 

One of the authors (Y. Y.) would like to tha.nk E. Hanamura, D. Chemla, A. Mysyrowicz, R. 



46 JOURNAL DE PHYSIQUE IV 

Slusher and F. DeMartini for their critical discussions. 

s 
Ti:SAPPHIRE 

LASER 

PROBE 

=m pMT 

PUMP ' 

Fig. 14. Cross-polarization pump-probe measurement for resonant excitation. (a) Experimental 

setup. (b) Measured amplitude of the reflected probe pulse vs. delay. 
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