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Harmonic waves, the basic waves of nature — Real
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Deviation from ideality due to:
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Early work

Resonant Modes of GaAs Junction Lasers, Thomas H. Zachos, IEEE Journal of
Quantum Electronics, Vol Qe-5, No. 1, January 1969



Caltech, 1975:
The first semiconductor DFB laser Il

cw operation of distributed-feedback GaAs-GaAlAs diode
lasers at temperatures up to 300 K
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FIG. 1. Structure of the DF B laser with separate optical and
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Phase noise in coherent
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Numerical example :

For N = 256, - = 20GHz, P = 100mW
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Quantum Noise Theory:

dN,
W = —WL(NZ - Nl) - VVSpNZ

Modes in a box:

A box with many
modes, but only
one high-Q guided
mode:

H

mP=W§p+2WS§9

Guided
mode |

(high-Q)

Phase noise is only due to spontaneous
emission into confined laser mode [




AF Laser Phase Noise

([Ap(T) 1% ) = inT = =T

N, ., - total #electrons in conduction band, clamped at threshold

Wfp - spontaneous rate of transition into laser mode
n; - number of photons in the mode
R - rate of transitions into lasing mode

Im{E},

1

Optical “fly-wheel”

S Field increment due
to one photon

Re(E}

Effect of a single spontaneous emission event on the phase of the laser field




Quantum noise control
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Quantum noise control
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@ The Schawlow-Townes Linewidth

_ Recall:
From relation between
induced and rR=21 Q= wt
spontaneous emission L
_ A R nwie
Os=T = on T 20 - 1,)Q?
Photon number related (I-1,)t,
to photon lifetime n; = e
High-Q Hybrid Conventional Hybrid
Lossy llI-V Lossy IlI-V

Low-loss silicon x Low-loss silicon



@ Technical Challenges

= New design paradigm for SC lasers

1. Minimizing mode energy in high loss IlI-V material. This
reduces total rate of spontaneous emission

2. Increase total stored energy in the optical mode (High
Q resonator) to reduce phase fluctuations at a given rate
of spontaneous emission(optical flywheel effect)



LY Basic Hybrid Si/lll-V Structure

Hybrid Laser

p-side contact p-InGaAs

MQW
n-InP

H* implant

n-side contact
superlattice

High-Q Si Resonator



@ Ultra-coherent semiconductor lasers

“Recipe” for Narrow-linewidth Hybrid Si/lll-V laser:

* High-Q resonator in Si

* Modal engineering

-V
n-v

Maw
SiO,

_________________

Si

norme x10%



High-Q Si Resonator (SEM)
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DARPA Transmission Spectrum vs Band Structure

Transmission (a.u.)
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1.:17Y Field Profile

De-localized mode profile:

* Mitigates spatial hole-burning,
* Reduced scattering losses (narrow K-space profile)
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1.7 si Resonator Quality Factor

Passive resonators results:
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11417y Optical Spectrum
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117y Frequency-Noise Spectra

Trend — lower noise with reduced IlI-V overlap
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- summary

Quantum control of the spontaneous emission into the laser mode in
the Semiconductor Laser plus the integral incorporation of a high Q
resonator have resulted in 3 orders of magnitude reduction of the
frequency noise. More should be possible

The same theory predicts and we are investigating a
fundamental modification of the major laser performance
parameters. These include:

orders of magnitude, lowering of the Resonance Relaxation
Frequency.

reduction to near zero of the Henry-Alpha parameter (amplitude
—to-phase coupling)

Large insensitivity (30-40db) to feedback insensitivity and thus
the hope of reducing, or even eliminating, the use of isolators.
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@ Innovative Claims

= Narrow-linewidth semiconductor lasers through a
fundamentally new approach to laser design.

Old approach New approach
GaAlAs Si0; Si Si0, -V

B

Example:

LOW-LOSS SSY

= Drastic SWAP-C reduction in the narrow-linewidth field -
Key driver in coherent communication, consumer
sensing, LIDAR and timing applications



