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Coherently coupled vertical cavity surface emitting laser (VCSEL) arrays have the potential for ultra-compact beam steering [1] 
and high brightness sources, both of which are critical components for emerging photonic capabilities. Phased VCSEL arrays also 
offer the possibility of compact high efficiency laser sources producing novel optical beams, such as orbital angular momentum 
(OAM) beams [2] that are presently being explored for spatial division multiplexing for increased bandwidth. Beam steering with 
phased arrays is accomplished by introducing a relative phase shift between array elements, which for VCSEL arrays is implemented 
by adjusting the current injection to the elements [1]. We have recently demonstrated that phased VCSEL arrays rely on a 
fundamentally different phase-shifting mechanism. From coupled mode theory, the variation of frequency between two neighboring 
elements is found as [3]: 
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where κ is the coupling strength between elements, α the linewidth enhancement factor, Ψ the constant coupling phase (0 for in-
phase arrays, π for out-of-phase), Xm the normalized field amplitude, and φm the phase for a two-element array where m = 1(2). 

Fig. 1. Far Field profiles of 2x1 coupled VCSEL arrays with (a) Ψ = π and (b) Ψ = 3π/2; (c) peak wavelengths measured (circles) compared to 
theory (crosses). The current and wavelength of the Ψ = 3π/2 array are offset by +0.4 mA and +1.5 nm. 

Coherently coupled 2x1 VCSEL arrays are examined where the current injection into each element is varied [6]. The arrays are 
coherently coupled when the difference between their native resonance frequencies, Δω, falls within an injection locking range which 
corresponds to a range of varying injection current. Outside of this range, the elements are assumed to operate independently at their 
native resonances. The far field profiles from these arrays are shown at varying current differences between the elements in Fig. 1 (a) 
and (b). In Fig. 1(c) we show the measured phase difference and lasing emission wavelength. A relatively linear variation of both 
cavity resonances is shown in agreement with dynamic coupled mode theory.  

Fig. 2: 6 element phased VCSEL array with each element varying by 60°; (a) top view; (b) near field electric field; (c) far field angular profile 
showing on axis null and central ring with < 3° divergence; and (d) far field phase showing spiral orientation. 

Shown in Fig. 2 is a simulated 6 element VCSEL array where each element is biased with a 60° phase differnce between 
neighboring elements. Propagating the near field electric field distribution in Fig. 2(a) to the far field yields real part of the far field 
shown in Fig. 2(b) and the phase of the electric field is shown in Fig. 2(c). Note the null on-axis in the far field which is characteristic 
of an optical vortex, whereas the beam divergence is less than 6° divergence; note also the spiral orientation is characteristic of an 
orbital angular momentum beam [2]. 
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