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Influence of the thermal effect on stability of the output
in a heat capacity laser
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The stability of the output of a heat capacity laser was measured. The output power dropped rapidly with
the increase of lasting time. The result showed that the rise of the average temperature of laser medium
was not the main reason, while the non-uniform distribution of the temperature was the main reason which
resulted in depolarization and maladjustment of resonant cavity.
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In recent years, solid-state lasers have made significant
progress in the thermal management, the laser beam
quality and efficiency. The emergence of the heat capac-
ity laser allows us to get both high average power and
high beam quality beam, so it becomes new highlight
of research of high-power solid-state laser technology at
present rapidly[1−3]. However, the operating mode of
heat capacity may bring some unique technical problems
for heat capacity laser itself, because the internal waste
heat of the laser medium will accumulate continuously.
Therefore its thermal effect is a dynamic change process,
which results in the output-power change. According
to the characteristics of waste heat accumulating per-
sistently in laser medium when working on the mode of
heat capacity, an unsteady-state thermodynamic model
was established based on a practical distribution of gain
in the laser medium. Furthermore a theoretical model
of the optical transmission was established to study the
optical distortion which resulted from the dynamic ther-
mal effect. The theoretical analysis and experimental
result both showed that Boltzmann distribution of parti-
cle number on lower laser level was not the main reason
for the rapid decline of output power with time under the
existing experimental conditions, while the main reason
was the thermal effect which results in depolarization
and maladjustment of resonant cavity.

We used eight 60 × 30 × 6 (mm) Nd:YAG disks. The
pumping system was composed of 12 flash lamps and
divided into 4 groups. The output energy with a pump
duration of 1 ms and repetition frequency of 20 Hz was
measured at different lasting time. The result is listed
in Table 1. The average power of the heat capacity laser
dropped rapidly. For example after 5 seconds, it dropped
by 17%.

Table 1. Output Energy and Power of the Heat
Capacity Laser at Different Lasting Time

Lasting Time Total Energy Average Power

(s) (J) (W)

1 88 88

2 167 83.5

3 235 78

4 305 76

5 367 73

Nd:YAG laser is a typical four-level system which can
be expressed by rate equations as[4]
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ntot = n2 + n1 + n0. (3)

In an ideal four-level system the terminal level relaxes
infinitely fast to the ground level. Suppose the lose of
laser cavity in a single trip is δ, the threshold of popula-
tion inversion under normal temperature is

n2t ≈ Δn =
δ

σ21l
. (4)

When the temperature rises, the Boltzmann distribution
results in

n1 = n0 exp(−ELL/kT ). (5)

We can phenomenologically express the threshold of pop-
ulation inversion as
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Then the threshold pump power is
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The output power of the laser is

Pout = σs (Pin − Pth) , (8)

where σs is the slope efficiency of the laser under normal
temperature. In an integrity last duration, the average
temperature rising can be analyzed numerically. The ex-
pressions are⎧⎪⎨
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where
∑

is the surface of laser slab, κ, ρ, c are respec-
tively thermal conductivity coefficient, mass density, and
heat capacity of the laser slab, hc is the coefficient of
heat transfer, qv is heat production rate. Now we can
deduce that the influence of thermal effect on the output
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Fig. 1. Energy dropping caused by Boltzmann distribution
of particle number as temperature rising.

Fig. 2. Depolarization distribution of laser on the masking
aperture at (a) 2 and (b) 5 seconds.

power has two aspects. One is the the threshold pump
power, and the other is the loss δ caused by non-uniform
temperature distribution. The temperature of the laser

disks is non-uniform because the distribution of pump-
ing light is not uniform on the surface of the disks and
the absorption of the medium in the thickness dimen-
sion is also non-uniform. The non-uniform distribution
of temperature can cause thermal stress which results in
a depolarization.

When we only consider the average temperature rise,
the loss δ is a constant, the Boltzmann distribution of
particle number causes the threshold pump power ris-
ing, then the output energy/power dropping. This phe-
nomenon was simulated. The result is shown in Fig. 1.
As we can see, when ΔT of the slab is 50 K, the dropping
rate of the laser energy is only 1%.

The thermal distribution causes depolarization. When
the slabs were put in a Brewster angle, the dropping
caused by depolarization is remarkable. The depolar-
izations at different time in a laser lasting periods were
simulated. The outcome indicates that the losses of out-
put power are 1.7% and 13.71% at 2 and 5 seconds, re-
spectively. The distribution of loss is shown in Fig. 2.
The average ΔT of the slab is only 45 K.

In conclusion, the influence of thermal effect is ana-
lyzed. The reason of the rapid decline of output power
has two facets, one is the average temperature rising, the
other is the non-uniform temperature distribution which
causes depolarization. We found that the former is ob-
viously less than the latter. To increase the stability of
the output power of a heat capacity laser, we must try
to avoid the thermal depolarization.
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