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Pulse Evolution in Mode-Locked 
Quasi-Continuous Lasers 

GEOFFREY H. C. NEW 

AhYtract-Various models of a passively mode-locked quasi-continuous 

laser are discussed and the evolution of pulses in various cavity con

figurations is traced. In certain circumstances, the combined action of 
amplifier and absorber saturation is shown to lead to rapid pulse compres

sion even when the pulse duration is far shorter than the relaxation time of 

either nonlinear component. The results are in good agreement with recent 
streak-camera measurements involving the pulsed rhodamine 6G dye laser 

and satisfactorily explain the efficient generation of picosecond pulses in 

CW dye-laser systems. The same pulse-compression mechanism can 

probably be used to generate ultrashort pulses in other quasi-continuous 
lasers. 

I. INTRODUCTION 

VARIOUS authors have demonstrated that the pas
sively mode-locked rhodamine 6G dye laser is a 

reliable source of picosecond pulses [1]-[8]. The develop
ment of mode locking is extremely rapid [9] and the pulses 
which ultimately evolve are much shorter than the 
recovery time of the saturable dye most commonly 
employed [10]-[13).1 These properties contrast markedly 
with those of passively mode-locked solid-state systems. 
Here the mode-locking process typically takes hundreds of 
cavity transits to develop [15]-[19], and it is generally 
accepted that the duration of the pulses finally generated is 
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1 A preliminary report of a measurement of the recovery time of 3,3'
diethyoxadicarbocyanine iodide is included [13]. The value obtained is in 
the range 10-50 ps and is in con�ct with the results of [10]-[12]. The dis
crepancy might arise from a confusion between the aperture time of a 
saturable shutter and the relaxation time of the molecular transition [14], 
[10]. In any case, the present theory does not preclude the possibility that 
fast processes exist, although it is contended that on their own these could 
not explain the rapid buildup of mode locking which is observed ex
perimentally [9], [32]. 

not substantially less than the relaxation time of the 
saturable absorber [20]-[27]. 

It was proposed in an earlier paper [28] (hereafter 
referred to as I) that the striking behavior of the dye laser 
results from its different dynamic properties and in par
ticular the short (�5-ns) recovery time of the amplifying 
medium [29]. This ensures that equilibrium is quickly es
tablished between the cavity radiation and the popUlation 
inversion of the rhodamine 6G molecules and, since the 
transition cross sections of the amplifying and absorbing 
media are comparable [12], [30], before the growth of 
mode locking has commenced. For a quasi-continuous 
system such as this, it was shown in I that amplifier and 
absorber saturation can in certain circumstances combine 
to effect pulse shortening even when the pulse duration 
is far less than either relaxation time. In the giant-pulse 
solid-state systems, a steady state of this type is never es
tablished. The recovery of the amplifier population inver
sion is so slow that once depleted the gain never recovers. 
Mode locking takes place during the growth of the giant 
pulse, and the key to reliable pulse selection is to ensure 
that the time the intensity distribution takes to pass 
through the region of maximum absorber discrimination 
is sufficiently long [15]-[18]. In principle, this can be 
achieved solely by operating the laser system very close to 
threshold [15], [31], although Glenn [16], [17] has shown 
that in practice gain saturation plays a crucial role in slow
ing the growth rate of the signal through the region of 
maximum selectivity. 

Although gain saturation is thus clearly implicated in 
the mode-locking process in both types of laser, its role in 
each case is very different. In the solid-state systems, the 
saturable absorber is entirely responsible for pulse selec
tion, although the gain saturation helps indirectly by 
holding the developing intensity profile within the region 
of strong absorber discrimination [16], [17]. In the quasi-




















