Derivation of ring enhancement factor

Author: Di Yu
Date: 2025-08-01

This Note serves to derive the ring enhancement factor, or the ratio of intra-cavity power to the input

power on the bus waveguide, for an all-pass ring resonator.

P intra

Pin Pout
— —

Problem description:
Given input power P;,, intrinsic and loaded Q factors of the resonator Q; and @, calculate the

intra-cavity power Pipirq-

Solution:
The power transmission of the ring at a resonant frequency is given by
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where a is roundtrip amplitude transmission coefficient, and r is self-coupling coefficient.
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The loaded, intrinsic, and coupling Q factors of the all-pass ring are given by:
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where we assume the roundtrip attenuation and coupling are weak (r,a = 1).
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Now the power transmission can be recast into
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Next, we express Pipiq as a function of T,..s. By the conservation of energy, we have:
Pin(1 — Tres) = Paiss)



Note that
Pjiss intracavity energy Pintra Nyl
— — — X

fros ) 0 ¢

Combine these equations, we have
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Which can be simplified into
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Example usage:
Let Q;,Q; =50M, Q =25M, L =6 mm, ng = 1.6, fros =193 THz, P, =1 mW, we have

Piptrq = 644 mW
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