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1. Introduction

Planar waveguide laser is a new potential technology combined with the advan-
tages of fiber laser and Zigzag slab laser [1] [2], such as high extraction efficien-
cy, good beam quality in waveguide direction, high stored energy, no nonlinear
effect et al. In this paper, a novel planar waveguide construct is put forward
which adopts coupling mode of the pump light with internal total reflection. Al-
so it can expand to waveguide laser group and waveguide laser array, which will
obtain higher energy [3] [4] [5].

2. Waveguide Laser Character

The waveguide can be divided into 1-dimensional and 2-dimensional waveguide
according to the optical limit dimension. The 1-dimensional waveguide is also
called planar waveguide, usually composed of three mediums with different re-
fractive index as cover layer (n,), waveguide layer (n,;) and underlay layer (n,)
(Figure 1), which satisfy n; > no and n,. The thickness of cover layer and under-
lay layer is far great than waveguide layer’s. So the thickness is regard as infinity
and beam can propagate in z and y direction, at the same time only x direction is
limited.

The planar waveguide structure is usually produced by micro machining

technology [6]. In the planar waveguide laser, waveguide structure is regarded as
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Figure 1. 1-Dimension waveguide.

resonator, and laser oscillation occurs by coupling the pumping beam with the
waveguide resonator. The advantages of waveguide laser are shown as below.

1) The particle number reversal can be achieved easily in waveguide laser, be-
cause of the special pumping mode.

2) The thickness ratio of waveguide structure in horizontal and vertical direc-
tion, which makes it easier to dissipate heat.

3) Waveguide laser has little volume, pump threshold is less than bulk materi-

al. The ratio of pump threshold between them is shown as following equation.
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where: Ver; ( bulk is bulk material, wgis Waveguide) is the volume of effective
transfer mode, a, is the loss of waveguide transfer, /is the length of amplifier
medium, Z; is the inherence loss of resonator cavity, 2/N,of is the bring loss of
re-absorb, N, is energy density of ground state, o is emission section of fluores-

cence, i is ratio of output coupler and back-forth loss.

3. Waveguide Laser Designing

In the waveguide laser, Nd:YAG ceramic is selected as solid laser medium, which
easily be made into slice. Its structure was shown as Figure 2, laser emits along
the z-axis, and pump light is coupled into the waveguide medium along the
y-axis. The thickness of the Nd:YAG ceramic was varied from 2 mm to 3 mm
along the y direction. As a result, the parasitic oscillation was suppressed in the x
direction for the two nonparallel surfaces.

The scheme of single waveguide laser is shown in Figure 2. A laser diode (LD)
stack with a divergence angle of 30 degrees in the fast axis was used as the pump
source. A coupler, which was identical with the waveguide, was used to couple
the pump beam into the Nd:YAG medium. The couple efficiency can be im-
proved by adjusting the distance between the coupler and waveguide. As Figure
3 shown, the unabsorbed pump would be reflected into waveguide by the right
angle reflect prism at the top of the waveguide medium.
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Figure 2. Schematic of a Nd:YAG trapeziform waveguide.

Semiconductor laser

Coupler

Waveguide

Angle reflect prism

Figure 3. Single trapeziform waveguide laser.

The structure is also benefit for uniformity absorb of the pump. In general,
when the pump light incidents into gain medium, its intensity decreases with the

pump distance, which satisfies the equation as follows.
I =1, (2)

Expand the above formula in series and make a first-order approximate, we

can obtain:

I =1,1-al) 3)

It is shown that pump is uneven in the gain medium, which will lead to heat
accumulation and heat damage, especially at the end face of the gain medium
where the pump light is incident. However, pump light would decrease steadily
and pump power density keep invariable in our waveguide laser, and follow as
the equation:
| l,(1-al)

i @

where, ais absorb coefficient, fis wedge angle of the gain medium. Absorb coef-
ficient can be changed by two methods. One is changing doping concentration
of the gain medium. The other is changing wavelength of the pump, such as 885
nm, which is another absorb peak of Nd:YAG. Wedge angle can be changed by
machining. When a and B match consistently, /is constant and pump is unifor-
mity. The total internal reflection of the pump on the upper and lower sides of

the waveguide can reduce the transmission loss of the pump and increase the
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absorption length.

Planar waveguide laser is showed as Figure 4. Figure 4(a) is single planar
module. If multiple waveguide lasers are placed in parallel to form a series laser
group, and the waveguide laser array can be formed by paralleling the series laser

groups, as Figure 4(b) and Figure4(c) shown, which would achieve high power.

4. Experiment and Discussion

A schematic diagram of the waveguide laser setup is shown in Figure 5(a). A LD
at 808 nm is used as a pump source. The pump laser is coupled to Nd:YAG wa-
veguide slice after homogenization of coupler. The thickness of the Nd:YAG ce-
ramic waveguide slice with doping concentrating of 1 at.% decreases from 3 mm
to 2 mm, and the length and width are 21 mm and 10 mm, respectively. Both the
end faces of the slice in the laser output direction were flat and coated for anti-
reflection at 1064 nm in order to reduce the intra-cavity loss. The mirror M1 was
coated for high-reflection at 1064 nm and M2 was output coupling mirror with
transmittance of 20% at 1064 nm. TEC was employed to remove heat from the
diode heat sink. The operation temperature was kept at about 25°C.

The output of the waveguide laser was given in Figure 6. The output power
increased almost linearly with the pumping power. The maximum output power
of 400 mW was achieved with an incident pump power of 1.06 W. The opti-
cal-to-optical conversion efficiency was as high as 37.7% and corresponding to

slope efficiency of 61%. No obvious evidence of saturation was observed from

(a) single module

Figure 4. Waveguide laser.

(b) waveguide laser group (c) waveguide laser array

Nd:YAG
waveguide
M1 Coupler

808nm
Diode

(a) (b)

Figure 5. Experimental setup for waveguide laser. (a) Schematic diagram; (b) Waveguide
laser setup.
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Figure 6. Output power versus pumping power.

the output curve, which means higher output power is possible if higher pump
power is available. It also indicated that the new planar waveguide laser can

achieve higher energy.

5. Conclusion

In summary, a novel planar waveguide laser was demonstrated. The perfor-
mance of the waveguide laser was investigated, which indicates that the coupling
mode of the pump light with internal total reflection can improve the coupling
efficiency of pump light and achieve the purpose of uniform pumping, which
can reduce pump threshold, reduce heat influence, improve the output laser
beam quality and conversion efficiency. In addition, the single waveguide laser
can be expanded to waveguide laser group and waveguide laser array, as shown
in Figure 4, which will produce higher energy. It is important for the develop-

ment of high energy laser.
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