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Abstract: Arrays of vertical-cavity surface-emitting lasers (VCSELs) have been investigated as potential 
high-power,  single-mode sources.  Proton-implantation  definition  of  laser  apertures  has  been 
demonstrated as  a  simple  and effective method to  create  coherently-coupled  vertical-cavity  surface-
emitting laser (VCSEL) arrays. In this work, the thermal and carrier characteristics of these arrays are 
considered and it is demonstrated that the coupling between implant apertures is a result of index anti-
guiding. Thus  it  is  possible  to  make  strongly  coupled  leaky-mode  VCSEL  arrays  whose  measured 
behavior compares favorably to our theoretical models.

Coherently coupled VCSELs arrays have long been pursued to develop 
high  power  narrow  linewidth  optical  sources  [1,  2].   One  recent 
application  of  compact  high  power  sources  are  for  laser  cooling  and 
atomic  trapping for  high performance frequency standards [3].  A side 
view  schematic  and  near-field  images  of  the  VCSEL  arrays  under 
investigation are shown in  Fig.  1.   The lasers utilize both a photonic 
crystal and ion implantation to provide optical and electrical confinement. 
A  thermal  and  carrier  model  is  used  to  describe  the  behavior  of  the 
arrays [4]. Although the temperature is relatively constant, the index in 
the coupling region is higher than that of either array elements. This is 
characteristic of leaky-mode arrays.

Using  the  calculated  index  profile,  a  one-dimensional  finite  difference 
method is  used  to  solve  for  the modes of  the  anti-guided arrays [5]. 
Solving the finite difference problem gives the modal gain for the different 
waveguide modes.  The gain discrimination for the dominant mode (i.e. 
the one experiencing the most gain) is shown in Fig. 2(a) and (b) as a 
function of  element  separation and heat,  respectively.   The dominant 
mode is indicated in the 
insets.  The  mode 
profiles  are  in  good 
qualitative  agreement 
with  those  observed 
experimentally.  These 
near-field  cuts  exhibit 
the  same  inter-element 
fringes  in  the  field  that 
are  predicted.  A  full 
image  of  a  two-lobe 
(out-of-phase)  mode 
can also be seen in Fig. 
1(b).  Implementation of 
the  modeling  methods 
described  here  will  be 
useful for designing single-mode, in-phase laser arrays of arbitrary size.
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Fig.  1:  (a)  Cross  section and  (b) 
top view of VCSEL array.

Fig. 2: The gain discrimination for the preferred modes (indicated by insets) versus 
(a) element separation and the (b) power as heat.
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