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In the time-reversed process to laser emission, incident coherent optical fields are perfectly absorbed within a 
resonator which contains a loss medium, instead of a gain medium. The incident fields and frequency must coincide 
with those of the corresponding laser with gain. We demonstrate this effect for a silicon cavity in the case of two 
counter-propagating incident fields, showing that absorption can be enhanced by two orders of magnitude. A unique 
feature of the two-channel case is also demonstrated, that by varying the relative phase of the incident fields, 
absorption can be suppressed substantially as well. Thus the device, a “coherent perfect absorber”, functions as an 
absorptive interferometer, with potential practical applications in integrated optics. 
 

Recently Chong et. al. [1] have explored theoretically an exact time-reversal symmetry property of optical 
systems: the time-reversed analog of laser emission. In the lasing process, a cavity with gain produces outgoing 
optical fields with a definite frequency and phase relationship, without being illuminated by coherent incoming 
fields. Chong et. al. showed that, due to the time-reversal symmetry of these equations, the same cavity with the gain 
medium replaced by an equivalent absorbing medium will perfectly absorb the same frequency of light if it is 
illuminated with incoming waves with the same field pattern. This new device was termed a “coherent perfect 
absorber” (CPA).  

 
The simplest possible CPA is a single port reflector that uses a cavity resonance to enhance material absorption.  

Several existing devices operate on this principle, including asymmetric Fabry-Perot reflectors [2] , resonant 
cavity-enhanced photodectors [3] and critically-coupled resonators [4].  However, some key properties of the CPA 
can only be observed in a system with multiple ports, and hence non-trivial scattering eigenvectors. For example, if 
the CPA cavity is illuminated with coherent field patterns not corresponding to the time-reversed lasing mode, that it 
is possible to decrease the absorption well below the value for incoherent illumination. These properties of CPAs 
point to a new method for controlling absorption through coherent illumination. In the current work we present the 
first experimental system which demonstrates both the enhancement and reduction of absorption in this manner. 
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Fig. 1: Phase modulation of beam absorption. (a) Theoretical plot of normalized total output intensities, as a function of wavelength λ, for parity-
even (blue) and parity-odd (red) scattering eigenmodes. (b-d) Theoretical output intensities at three representative λ, as the relative phase of the 
input beams is varied, showing intensities emitted to the right (magenta) and left (green) sides of the slab, and the total intensity (black). Λ 
corresponding to (b)-(d) are marked by vertical lines in (a); (b) is the CPA resonance. (e-g) Experimental results at λ approximately 
corresponding to (b)-(d); solid lines are fits to the data, not theory curves. (f) Modulation depth—the ratio of maximum to minimum output 
intensity obtainable by varying the relative input phase, M = max(Iout)=min(Iout), as a function of wavelength. The wavelength spacing of 
adjacent M-peaks is around 1.27 nm, closely matching the free spectral range of the wafer. Between these maxima, M goes nearly to unity, 
corresponding to the “phase-insensitive points”. 
 
References 
[1] Y.D. Chong, Li Ge, Hui Cao, and A. D. Stone, “Coherent Perfect Absorbers: Time-Reversed Lasers”  Phys, Rev. Lett. 105, 053901 (2010).  
[2] J. Heffernan, et, al,“All optical, high contrast absorptive modulation in an asymmetric Fabry–Perot etalon,” Appl. Phys. Lett., 58, 2877(1991). 
[3] K. Kishino, et, al,  “Resonant cavityenhanced photodetectors," IEEE J. Quant. Elect. 27, 2025-2034 (1991). 
[4] M. Cai, O. Painter, and K. J. Vahala, “Observation of Critical Coupling in a Fiber Taper to a Silica-Microsphere Whispering-Gallery Mode 
System", Phys. Rev. Lett. 85, 74 (2000). 

Speaker: Wenjie Wan
Session: Coherent Perfect Absorbers and Parity-Time-Reversal Symmetric Optical Structures
See program for placement.

PQE-2011 Abstract Processed 30 November 2010 0


