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Direct and Indirect Semiconductors
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Indirect semicond. Smallest trans-
ition energy W¢; for crystal momen-
tum difference Ak, = 7/a. Phonon
required for collision. Examples:
Elemental semiconductors Si, Ge

W — 0,67eV=1,85um (Ge)
¢711,13eV=1,10um (Si)

Wl — 0.8 eV=1,55um (Ge)
¢ 13,4 eV=0,36pum (Si)
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Direct semicond. Smallest transiti-
on energy W for crystal momen-
tum difference Ak, = 0. No col-
lision partner required. Examples:
Compounds GaAs, InP, InGaAs

(1.42eV =0,87 um (GaAs)
1.,80eV=0,69um (Gag 7Alg3As)

0,75eV=1,65um (Ing53Gag47As)
\ 1*35 EVED-QE p:l"r‘l (Inp).
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Slab Waveguide and Dispersion Diagram
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Dispersion Diagram and Indirect O-Band to 1-Band Transitions
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Transition chosen for matching group velocities.
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Brillouin Scattering

Brillouin scattering: Pump carrier fp, modulated by thermal molec-
ular vibrations with frequency f,. Resulting light frequency-shifted
down by Afp = fp— fp (= 15GHz for A\p = 1um, Af,y < 38 MHz)
from pump frequency to fg = fp — fu.

Momentum conservation: k, = kp + k, is true, if pump f, and
phonon “grating” f, propagate forward, while frequency down-

shifted light fp propagates backwards.

Frequency down-shifted light travels opposite to “grating” which
runs away from pump light (Doppler effect, fu = 2nvacoustic/Ap)-
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Fundamental to Higher-Order Mode Coupling & Frequency Shift

Pump frequency travelling to the right =
Refractive index grating travelling to the left
Frequency up-shifted light travelling to the right =

Pump frequency travelling to the left «
Refractive index grating travelling to the left
Frequency up-shifted light does not exist: No phase matching!

lllustration of how a travelling (dynamic)} modulation of a silicen waveguide's refractive index
can be used to perform optical iselation. The medulation induces a wavevecter shift on light pulses (red)
travelling from left te right, whereas pulses travelling right te left experience ne such change. An optical
filter can be used to separate the shifted and nen-shifted pulses. *
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Mode Coupling & Frequency Shift with OBPF — Isolation

Required modulation profile at RF frequency (e. 9., fmod = 20 GHz),
but propagation constant corresponding to light wavelength (e. g.,
k,=2rx 1um™1).

Achieved by standing-wave modulation of a set of discrete regions,
each modulated at a different phase.

Matching vg: dnmoq = 5x 1074, WG width 270nm, BW = 1.2 THz

lllustration of how a travelling (dynamic)} modulation of a silicen waveguide's refractive index
can be used to perform optical iselation. The medulation induces a wavevecter shift on light pulses (red)
travelling from left te right, whereas pulses travelling right te left experience ne such change. An optical
filter can be used to separate the shifted and nen-shifted pulses. *
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Ring Resonator for Nonreciprocal Frequency Conversion

Dark regions ar

e modulated: rod

diameter = 0.08a, rod spacing =

0O.1la, centres on circle R = 3.08a 4 b4 \
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Same Principles Apply When Using Surface Acoustic Waves

Pump frequency travelling to the right =
SAW refractive index grating travelling to the left -
Freq. up-shifted orthog. pol. light travelling to the right =

Pump frequency travelling to the left <
SAW refractive index grating travelling to the left «
Freq. up-shifted orthog. pol. light does not exist: No phase match!

lllustration of how a travelling (dynamic) modulation of a silicon waveguide's refractive index
can be used to perform optical isolation. The modulation induces a wavevector shift on light pulses (red)
travelling from left to right, whereas pulses travelling right to left experience no such change. An optical
polarization filter can be used to separate the shifted and non-shifted pulses.
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Polarization Mode Coupling by Surface Acoustic Wave

SAW refractive index grating LINbO3: Ffmod
Amod = 20 um, v &= 3700mM/s, kmod = Em.o.d.

E.qg., fibre PMD: Aty = 0.1\/—% — ARTE_TM LSH”mwA—EE ~ 0.1 p',m_l
acoustical transducer
absorber elecfmde
TE polarization LiNbO, \ TM polarization
ke = "large”

v I_ILI\ kv = “small”
‘
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Ti-diffused Ti-diffused
acoustical claddings optical waveguide
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