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Nonmonotonic Threshold Size Dependence of Buried-Post Vertical Cavity Lasers

guouobboooooobobobbogoooobbbtub ooooooo
goboobooooooo S. MUKAI

Dependence on cavity width of the threshold gain of buried post vertical cavity
lasers is analysed. In contrast to former reports, nonmonotonic threshold dependences
on cavity width are found as well as nonmonotonic resonance frequency. By considering
cavity modes as a superposition of many waveguide modes propagating parallel to
multilayers, it is revealed that the physical mechanism causing these nonmonotonicity
is the interference effect among these component waveguide modes: The interference
causes the center of gravity of the lateral optical energy flow of the superposed field to
wiggle through the multilayer waveguide, and thus, depending on the cavity size, either

to hit or to miss the reflecting index-step structure of the cavity sidewall, which then
makes the lateral energy flow either confined efficiently or flow out freely, resulting

in a low-loss or high-loss cavity. The oscillatory threshold dependences of the
fundamental and first higher-order modes appear out of phase, which results in even
larger oscillatory variation in their threshold difference. This indicates that, for
stabilization of fundamental-mode oscillations in the present cavity structure, cavity
size should be one of discrete optimal values rather than simply smaller.
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Fig.10 Schematic diagram of the model buried-post
VCSEL used for calculation.
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Fig.30 Threshold gains in the shallow-etched cavity as a
function of cavity width. g(Oth) and g(1st) are for
the fundamental and the first higher-order modes,
respectively. Their difference is also shown.
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Fig.40 Threshold gains in the deep-etched cavity as a
function of cavity width. g(Oth) and g(1st) are for
the fundamental and the first higher-order modes,
respectively. Their difference is also shown.
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Fig.60 Fundamental-mode optical field intensity distribution
in the high-loss 3.060m-wide cavity. Distributions
along the active layer (top) and along the top surface
(middle), and the observable near-field image (bottom).
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high-loss 3.06@m-wide cavity, respectively.
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Fig.90 Rightward (+z-directed) energy flows in the lower and

upper regions of the high-loss 3.Q&0-wide cavity.
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Fig.100 Rightward (+z-directed) energy flows in the
lower and upper regions of the low-loss
3.315um-wide cavity.
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Fig.110 Hypothetically-separated lateral energy flows
in the lower region of the low-loss 3.31r5-
wide cavity which are independently carried
by the highest-gain waveguide mode and by
the rest of the component modes.
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The reflection matrix R=(r;}) in (1) and transmission matrix
T=(ty) in (2) for junction j2 are calculated as follows. By
definition, when the i-th mode @ ;(X)exp(O jB;z") is incident
from wg2 on j2, the reflected wave is Z; r;; @ j(xX)exp(jpB;z’)
and the transmitted wave is
3t g (x)exp(O jyz'), where z'=zO w/2. From the
condition that the y[0 component of the electric field be
continuous at j2,

QX))+ Zir@ (X)) = Zt; P (x). (A1)

Similar condition for the x-component of the magnetic field is
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Big i(¥) O Zir Bo (x) = ity i (%) . (A2)

Equations (A1) and (A2) with i running from 1 up to N can

be rewritten in a matrix-form eqations as

® +Ro =Ty (A3)

and

Bo ORBo =Try. (A4)

Here B and " are matrices whose components are given by

Bij = Bi 6”‘, (AS)

and

rij =V 6”’ y U (AG)

with &;; being Kronecker's &;; , and ¢ and { are column
vectors whose i-th components are ¢ (x) and @ (x),
respectively. Postmultiplication of both sides of (A3) with
the row vector '@ and integrating the product matrix with x

yields
I+R=TC, (A7)

where | is the identity matrix, and C is a matrix whose (i,j)
component is given by

Ci =] Wi(¥e j(x)dx. (A8)
Similar process on (A4) yields
BO RB =TIC. (A9)

Postmultiplication of (A7) with C"* gives transmission

matrix T as

T=(+R)C"". (A10)
By substituting (A10) into (A9) we get

B O RB =C"'rC+RC"'IC, (A11)

from which the final result for the reflection matrix is
obtained as

R=(BO C"'rc)(B+C"rc)’t (A12)
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