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Investigation on the scattering effect
of ceramic Nd:YAG*
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This paper investigates the scattering effect of domestic 0.5 at% ceramic Nd:YAG. An effective method has been

utilized to measure the scattering and absorption coefficients. An end-pumped continuous wave (CW) Nd:YAG ceramic

laser was also demonstrated. A maximum output power of 6.7 W at 1064 nm was obtained at an 808-nm pump power of

32.9 W. Conversion efficiency and slope efficiency have been achieved. This indicates that scattering has an important

effect on the optical performance of ceramic Nd:YAG.
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1. Introduction

The transparent polycrystalline neodymium
doped Nd:Y3Al5012 (Nd:YAG) ceramic is becoming
a more and more important substitute for single crys-
tal Nd:YAG because of its inherent virtues.!!! As well
as the low cost of production, ceramic Nd:YAG has
predominant chemical stability, high temperature sta-
bility and it is very easy to be highly doped with the
Nd concentration.[?3 The heat transfer coefficient,
the absorption spectra, the emission spectra and the
luminescence life of ceramic Nd:YAG are nearly the
same as those of single crystal Nd:YAG.[*5 Further-
more, its exclusive high optical gain, low threshold
pump power and excellent optical performance are
all very important for its acting as a competing laser
material.*=8] Since the first transparent polycrys-
talline ceramic Nd:YAG was synthesized in 1995 and
gained laser output,!” it has been developing at a
high speed and many scientists are working on re-
search to optimize the growth method; much higher
output power has been obtained.[10—12]

Evaluating the optical properties of transparent
ceramic materials accurately is crucial. In previous
work, most absorption coefficients of the transpar-

ent ceramic have been determined without consid-

ering the scattering effect.l'314 However, scattering
In this
article, the scattering effect is investigated quantita-

is never negligible for transparent ceramic.

tively. We focus on investigation of the scattering ef-
fect of ceramic Nd:YAG and single crystal Nd:YAG
with an integrating sphere. Scattering and absorp-
tion coefficients are obtained, respectively. This gave
us more information about the optical performance of
ceramic Nd:YAG and it was very helpful for improv-
ing the growth technique. The scattering coefficients
of ceramic Nd:YAG and single crystal Nd:YAG were
0.08642 cm~! and 0.01236 cm ™! at 1064 nm respec-
tively. The maximum output power of end-pump con-
tinuous wave (CW) ceramic laser Nd:YAG was 6.7 W.
The results indicated that scattering affected the op-
tical performance of Nd:YAG ceramic. The measure-
ment and analytical method of the scattering effect
was very effective in evaluating the quality of the laser
materials.

2. Experimental method

In our experiments, we measured the scattering
coefficient of domestic ceramic Nd:YAG at 1064 nm
with an integrating sphere. Another end-pumped CW
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Nd:YAG ceramic laser at 1064 nm was also imple-
mented.

The experimental setup of the scattering ef-
fect at 1064 nm is shown in Fig. 1. The sample
(3.5x3.5x5.72 cm?®) was put in an integrating sphere.

The incident laser entered into the integrating sphere

laser detector

Ka{pg%output light
ight
1064 nm Fi1 ¥ F2

incident light
laser power meter
e

integrating sphere

Fig. 1. The experimental setup of the scattering effect of
ceramic Nd:YAG.

through an aperture. Then the laser transmitted into
the sample and scattered in all different directions. At
the position near the output aperture in the same di-
rection as the incident laser, the transmitting optical
power was measured with a laser power meter. The in-
ternal surface of the integrating sphere was deposited
with a thin film of metallic magnesium. The scatter-
ing light in all directions was averaged by the smooth
film magnesium. As shown in Fig. 1, there was an-
other small aperture in the direction vertical to the
incident laser and here the averaged scattering opti-
cal signal could be obtained by another laser detector
(BPW 34 solar cells). By the signal, the scattering
optical power P on the surface of the solar cells could
be obtained. After that, all the scattering power could
be expressed as

P@ca =P Sin/SCa (1)

where S, is the internal surface areas of the integrat-
ing sphere and Sg is the area of the laser power meter.
The scatterance coefficient S could be obtained as

S = Psca/-Pirn (2)

where P, is the incident laser power. In our experi-
ments, the end faces of the Nd:YAG ceramic rod and
the Nd:YAG single crystal rod were coated with a thin
antireflective film at 1064 nm. So the scattering coef-
ficient oy could be expressed as

as=—1/1-In(1 - 8), (3)

Further-
more, utilizing the transmittance equation 7' = exp[—

where [ was the length of the sample.

(e + ) I], we can obtain the absorption coefficient
ay=—1/l-InT — . (4)

An end-pumped plane—plane laser cavity was used
to evaluate the laser performance of the ceramic; a
schematic diagram of the experimental setup is shown
in Fig. 2. The sample was inserted between the M;
and My mirrors. The M; was antireflective (AR)
coated at 808 nm and high reflective (HR) at 1064 nm.
As an output coupling, Ms was partially reflective at
1064 nm. This laser was pumped by an 808-nm diode
laser system including a 200-pm diameter 0.22 NA fi-
bre. The fibre’s output face was imaged to a 240-um
diameter spot in the centre of the crystal, focusing in
the sample. Both end faces of the sample were coated
with a thin antireflective film at 808 nm and 1064 nm.
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Fig. 2. The experimental setup of ceramic Nd:YAG and
single crystal Nd:YAG pumped by an 808-nm fibre mod-
ule.

3. Experimental results

Firstly, the scattering coefficients of the ceramic
Nd:YAG and the crystal Nd:YAG were measured,
respectively. The initial power P, the transmit-
tance power Py, the scattering power Ps., for the
ceramic Nd:YAG are listed in Table 1 and the av-
eraged transmittance T, was 86.9%. The curve of
the scattering power versus the input power is shown
in Fig. 3. The scattering power increased almost
On the rules

which have been discussed in the section on the ex-

linearly with increasing input power.

perimental setup, the averaged scattering coefficient
for the ceramic Nd:YAG could be worked out to be
0.08642 cm™! at 1064 nm [Fig. 3(a)]. Using Eq. (4),
we can calculate out the absorption coefficient and it
is ap = 0.159 cm™!. However, on the same principle,
the scattering coefficient and the absorption of the sin-
gle crystal Nd:YAG were 0.01236 cm ™ [Fig. 3(b)] and
0.08284 cm™!, which are much smaller than those of
the ceramic Nd:YAG. This indicates that the scatter-
ing effect for the ceramic Nd:YAG was not negligible.
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Fig. 3. The scattering effect of ceramic Nd:YAG with a size of 3.5x3.5x5.72 mm3(a) and single crystal Nd:YAG
of the same size (b) at 1064 nm. Here Psca is the scattered power and Py, is the incident power.

Table 1. The measured values of the initial power Pj,,
the transmittance power Pout, the scattering power Psca
for the ceramic Nd:YAG.

Py /mW 407.9 530.8 638.5 793.4 904.5
Pout /mW 351.3 450.2 565.9 701.2 783.4
Pica/mW 47.3 55.7 60.2 63.8 67.8

T:/% 86.12 84.8 88.6 88.4 86.6

Then the laser performance of domestic ceramic
Nd:YAG was observed. The output power versus the
pump power and the optical-to-optical efficiency were
measured and the results are shown in Fig. 4. The
maximum output power was 6.7 W when the output
coupling was 20%, corresponding to an input power
of 32.9 W. The slope efficiency was 20.9% and the
optical-to-optical efficiency was 20.4%.

- | ez
< 6l ] 3
Pl 16 5
s 4f i %
g ——CerT15 ]y ©
£ —e— Cer T 20 g
a 2r ~a=Cer T 24 A1 &
2 —v—Cry T 15 B
a [ —e— Cry T 20 7 2 &
= L —<—= Cry T 24 =
@) 0 N N " " N N 0 @)
0 10 20 30

Pump power/W

Fig. 4. Output power of ceramic Nd:YAG and sin-
gle crystal Nd:YAG, the sizes of which were both
3.5x3.5x5.72 mm?, pumped by an 808-nm fibre laser.
Here Cer means the ceramic, Cry means the crystal and
T was transmittance of the output coupling.

As a comparison, the maximum output power of

single crystal Nd:YAG was 8.01 W, corresponding to
an input power of 17.65 W at an output coupling of
15%. The slope efficiency and the optical-to-optical
efficiency were 50.82% and 26.7%, respectively. With
the output coupling increased from 15% to 24%, the
change in the output power was not very evident.

The optical-to-optical efficiency of the single crys-
tal Nd:YAG was almost 30% higher than that of the
ceramic Nd:YAG. Furthermore, the slope efficiency for
the Nd:YAG single crystal was almost 2.54 times of
that for the Nd:YAG ceramic. This indicated that
the stronger scattering effect really reduced the opti-
cal performance of the ceramic Nd:YAG in comparison
with the single crystal Nd:YAG.

4. Summary

In conclusion, the scattering effect of ceramic
Nd:YAG and single crystal Nd:YAG at 1064 nm has
been investigated by an integrating sphere. An end-
pumped CW Nd:YAG ceramic laser, whose emission
wavelength was 1064 nm, was completed. It demon-
strated that the scattering measurement with an in-
tegrating sphere was an effective way to evaluate the
property of the materials. The measured sample of
the ceramic Nd:YAG was pumped by an 808-nm laser
and an output power of 6.7 W was obtained. Single
crystal Nd:YAG with the same size and Nd concen-
tration was also measured under the same condition
and an output power of 8.01 W was achieved. The
scattering effect in the ceramic could not be neglected
and it affected the optical performance.
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