Minimum pump threshold

« The threshold power and slope efficiency both depend on
the amount of output coupling loss
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— Lower output coupling leads to low threshold power, but less is let
out of the cavity

— Define P, = minimum threshold power, with no output coupling
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— Define ratio of pump power to minimum threshold pump power:
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Output power vs OC transmission

Define a parameter S, which is the ratio of OC loss to

other losses
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— Now look at output power vs S
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Optimized OC transmission

e QOutput power maximizes:

— Low
— High
e FindO

— set

Sopt —

OC transmission, no output
OC transmission, high Py,

C for maximum:
d,P,(S)=0

out
Jx, -1

0.7 ¢
0.6 -
05¢
04t
03¢
02¢
0.1f

* Intracavity power decreases with greater output coupling
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« Laser parameters
A, = 632.8nm hv, =1.86eV

output power (mW)

0, =3X 10""cm? 7, =150ns

10/
081
061
041
02F
00!

B hv,,

Example: HeNe laser

= 6.6W/cm”

6217’-21

Assume uniform pump and laser mode
d,,mp,=2mm D, . .=1.75mm

pump mode

Min. threshold pump power:
P.s=2mW

=40cm Tr=2.7ns

V,=1%

L

cavity

Cavity photon lifetime at opt. OC: 1.=72.5ns

000 001 002 003 004 005 0.06 Effective |nput pump power: Pp:?mW

output coupling

Best slope efficiency, relative to effective
input pump power: n,=0.35



Optical density
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Lamp pumping
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Optical density

Improving spectral overlap

 (Can sensitize material to absorb, then transfer to ions for
better inversion density
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Fig. 2.8. Absorption spectra of Cr:Nd:GSGG (2.65]



Pump chambers

cooling

o, saa* Gouple optical output from
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window slab :
Components of the first ruby laser

Closed coupled Double elhpse

100% reflective
mirror (a)
Power —— Quartz flash tube

J — Fig. 6.48. (a) Single and (b) double elliptical pump cavily
supply | Ruby crystal

(c)

Switch

Polished aluminum Laser beam (a) (b)

reflecting cylinder 95% reflective Fig. 6.49. Nonfocusing pump cavities; (a) circular cylinder, (b} single, and (¢) double-lamp closed-coupled
mirror configuration

Account for pump transfer efficiency
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Direct-diode pumped KLM lasers

Cri.YAG
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Challenges to diode-pumping
Ti:sapphire

e Desire small pump mode
volume
— Efficiency
— Soft-aperture for Kerr-lens
modelocking
 Pump absorption
efficiency

e Quantum defect
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High-power blue laser diodes

GaN based diodes

Used commercially for projectors
Facet: 15:1 aspect ratio
Fast/slow axis divergence: ~3.5:1

1.2, 1.6, 2 watts/single emitter now
available

445nm typical, some lot variation J k

Small shift in output wavelength with  egim07,
temperature.
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Cavity layout

Pump optics:
« Asphere + 3:1

TiSepphie, 475 cylindrical
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Durfee et al, Optics Express (2012) N o

Laser cavity designed for low threshold

« 86mm ROC curved mirrors for smaller intracavity mode size
* 1% OC for higher intracavity power

« Green pump: 30mW mode-locked with 500mW pump power



Laser operation

1.8W to crystal, 60% absorption
Average output power:

* 40mW optimized CW

e 32mW mode-locked



P, (arb. Units)

Contributions to KLM

Soft aperture in vertical direction

Uniform gain along optical axis (60% pump absorption)
Re-imaging of CW and ML spots shows z-shift in waist
location.

Low-threshold operation for small mode size gives high
discrimination
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