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4 Lasing

In the following we will assume the small signal gain to befamm in space, and neglect any
transverse stucture in saturation due to beam shape. Tb l&sing threshhold the roundtrip

gain must exceed the resonator losses. Including all biig&d losses into the discrete reflection
coefficients of the mirrors the lasing threshold conditi®n i

'R, >1  or  goL+InvVRR >0 (1)

whereL is the length of the gain region.

4.1 Power output

We treat the homogeneous saturation first and follow theyarsabf Rigrod. The right going
beam inside the resonator gets the ndmend the leftgoing_. The coupled differential
equations describing the beam growth are

diy ~ di- go(w)

(2)
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The left part of eq. 2 leads to the condition that
the product of the beam intensities is fixed,

Il =13 (3)

wherelg is an integration constant, independent
of z. Assigning the namés, to the beam inten-
sities at the mirrors according to the figure the
integration of the second part of eq. 2 leads to -
the condition z

ni2l2—h '3<1 IZ):go(oo)L (4)

l1 Is Is l1

Imposing the boundary conditions = Ril4 andl3 = Ryl, leads to the solution for the ratio
I2/1s
|_2 _ 1 (go(w)L+In vR1R> )
Is [1—|— \/RQ/R]_] [1—\/R1R2]
This expression is of course only valid above threshold. firlsefraction on the right side is
only slowly varying with the reflection coefficients wherdhe second fraction is sensitive to
the coefficients product near threshold and for high valdi¢iseoproduct.
For a lossless mirror the laser output through mirror 2 iggiwith

(1-R)  (go(wlL+InVRiR)
1+ Ro/R [1- VRiR,)

1 02.08 AO

(5)

loout =22 =12(1-Ro) =1 (6)
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Rough frequency selection is done with a dispersive elentanalreflection grating which
adds frequency dependent losses to the system. The lasgickithe cavity resonance that
has the highest difference between gain and losses. Thasatuwill then see to that all other
resonances end up with a negative roundtrip gain, and theexuring single mode oscillation.

Fine frequency tuning is then done by small changes in céenmigth.
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Vpnm = oL p+ (1+n-+m) (02— @) (7)
L
p= )\—/2 (8)
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The tuning range is limited te- ;- since beyond this range the neighbouring longitudinal mode
has more favorable gain closer to linecenter. To suppre&sseriket of higher order transverse

modes an iris is often placed in the resonator. The diametselected to cause higher loss to
the transverse modes than the fundamental.
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The inhomogeneous case is more complicated for severaireaSaturation leads to local
holeburning into the gain profile and mode competition isebg limited. The laser can swing
on several axial modes at the same time. As the beam travietthrdirections inside the cav-
ity each oscillation frequency also creates a mirrorholaregtrically placed at the other side
of linecenter. Cavity length tuning will lead to hole colbsis. Hole overlap generates mode
competition and reduction in power output.
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The system displayed in the figure is oscillating on the 3desgies), vo andvs and digs
6 holes into the profile including the mirror holes. The relatntensities are given by hole area
ratioes. Higher order transverse modes are assumed ssppregh mode selective losses.
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