Gaussian Beams

» Gaussian Beam Properties and Transformation
» Coherence

e Demo
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Gaussian Waves vs. Plane Waves

Wave Equation V2E +k?(r)E=0

Plane Wave Solution  E(2) = Eq exp|— ikz]

Gaussian Wave Solution

_E. 90 aypl r? il kr _tan~L| £ kr®
E(r,z) = Eq m(z)exp{ mz(z)}exp{ {kz tan [zonFZR(Z)ﬂ

amplitude phase
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Gaussian Beam Distribution
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Beam Waist and Divergence

For large z:
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Beam Transformation

1 1

Plane Waves + —1
s/f s"/f

1 1

s/ f+(Zg/ )2 /(s/f —1)+S”/f -

Gaussian Beams

Rayleigh Range Zp ="
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Beam

Transformation

(s"/f)

Differences From Plane Waves

* Plane wave limit at Z /f=0

e Maximum and minimum

d , Image distance exists
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Beam Focusing

Spot diameter
a2 A

20)0 =2 —
7TW\ens 7 NA

Example
f=10 mm, 20,,s=5 mm, A=1.55 um,

spot diameter=3.9 um
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Diffraction at Apertures
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Beam dia. << Lens dia.

Beam dia. >> Lens dia.

Truncation Ratio ey dyp? o Py ()

Truncation Ratio = Infinity 113 154 244 100

) : 20 105 1 58 — &l

Beam diameter / lens diameter 1.0 1.13 183 — 13.5
0s 154 251 — 003
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Coherence
» Temporal coherence, eg MZ interferometer

Requires coherence
after delay

» Spatial coherence, eg. Holographic lithography

2\

> Requires coherence
across wavefront

e In general, both spatial and temporal coherence is relevant
o Lasers are highly coherent, LEDs less so...
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Voltage (uV)

Temporal Coherence
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r. Coherence time
Av Spectral linewidth
L. Coherence length
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Coherence Length

Source Wavelength, nm | Spectral Width, | Coherence
nm Length,

Unfiltered Sun 300 nm 0.3 micron
LED 550 10 nm 10 micron
Blu-ray laser 405 1nm 50 microns
HeCd (single line) 325 1 pm (3 GHz) 3cm
HeNe (multiline) 633 1 pm (1 GHz) 10 cm
SGDBR 1550 0.04 pm (5 MHz) 19 meters
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Credits

e Yariv, Optical Electronics

« www.cvimellesgriot.com/products/Documents/TechnicalGuide
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