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Phase-Matching Techniques (1)

Physical mechanisms:
Phase-matching condition:
— k = Ak, + Ak, + Ak, =0
Effective indices:
— A, =n,+An, - Ak, =[no, +n,0, -No -nw,]/c = B0 + (8, 112)Q;
— Ak, =[An,@; + An,@, — Anw, — An,m,]/C
— Ak =y (R +P,)
Phase matching in multimode fibers:
— Ak, =[An,@, + An,0, — Anw, —An,m,]/ C

Signal Wavelength (nm)

596 598 600 602 604 606 608 610
I | | I I I [

Idler Power

| . l | ] ) | I | G.P. Agrawal, Nonlinear Fiber Optics, 5t ed.

480 478 476 474 472 2
Idler Wavelength (nm)




Phase-Matching Techniques (2)

Phase matching in single-mode fibers:

Nearly phase-matched FWM:
— K =Ak,, + Ak, +Aky, #0 o L, =27/|Ak, |~ 271 5,00 > L<Ly,

Phase matching near the zero-dispersion wavelength:

> B, (dwﬁj (m=12,--)

Phase matching due to self-phase modulation:
2 1/2
— k= Ak, + Ak, +Ak, = Ak, + Ak, ~ ,BZQ +2yP, > Q, =(2yR, /|5
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Phase-Matching Techniques (3)

Phase matching in birefringent fibers:

Modal birefringence:  —>FWM
—>on=An —An,
— Ak, =[An (o, + w,) —2Anw@,]/ C
=—-2w,(on)/c



Parametric Amplification (1)
Gain and bandwidth:

Signal and idler powers: Conservation of photons:
—>P3=\B32, P4:\B42, B.(0)=0, B,(0)=0 _)di(pB_p4):0
z

Signal and idler powers:
— P,(2) = R,(0)[1+ (1+«* / 49°)sinh*(gz)]
— P,(2) =P,(0)[(1+ x° / 4g®)sinh?(gz)]

Amplification factor:

— G, = P,(L)/ P,(0) =1+ (yR,r / g)*sinh*(gL) «—g= \/(Q/POF)Z —(x12)°
, sin®(xL/2)

(xL/2)°
—-> k=0, gL>>1 -G, z%exp(ZyPOrL)

—> Kk >>yRr — G, =1+ (yRrL)

1/2
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Parametric Amplification (2)

Parametric Gain, g(m-1)

Gain and bandwidth:

Amplifier bandwidth:
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— Parametric amplifiers & parametric oscillators
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