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A 2D full-vector eigenmode model of a step-
index mul�mode fiber was developed in 
COMSOL [1]. Guided modes were solved using 
the Electromagne�c Waves, Frequency Domain 
interface with local mesh refinement. Parameter 
sweeps of wavelength, core diameter, and index 
contrast were performed to evaluate effec�ve 
index and field confinement.

Higher-order guided modes in mul�mode fibers exhibit 
dis�nct transverse field distribu�ons and confinement 
characteris�cs, which can influence the op�cal field 
delivered for fiber-based par�cle manipula�on. 
Understanding how these modes respond to fiber 
parameters is therefore important for controllable modal-
field engineering. This work uses a full-vector eigenmode 

model of a step-index mul�mode fiber to:
• iden�fy representa�ve higher-order guided modes;
• characterize their effec�ve index and field confinement;
• evaluate their dependence on wavelength, core 
diameter, and refrac�ve-index contrast.

Introduc�on & Goals

FIGURE 1. Geometry and full-vector
eigenmode-analysis workflow.
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Results
At 800 nm, the selected higher-order modes exhibit 
dis�nct transverse field distribu�ons and span different 
regions of the effec�ve-index spectrum. The R1–R8 
representa�ves capture characteris�c modal states from 
higher to lower neff. Their spectral posi�ons provide a 
direct basis for comparing how different modal groups 
respond to changes in the fiber parameters. Increasing the 
refrac�ve-index contrast Δn produces a clear increase in 
neff, with the strongest response observed for the high-neff 
representa�ve modes. Field confinement also depends on 
Δn: strongly confined modes remain nearly unchanged, 
whereas intermediate and weakly confined modes show 
greater sensi�vity. These results demonstrate that index 
contrast provides an effec�ve parameter for tuning 
higher-order modal proper�es.
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Figure 2. Representa�ve higher-order modes, effec�ve-index spectrum, 
and index-contrast-dependent modal characteris�cs.
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