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The laser performance of a new Yb:germanophosphate (Yb:GP) glass is investigated. A maximum output power
of 826 mW at 1063 nm is achieved with direct diode pumping at 976 nm. The wavelength is tuned from 1034.47
to 1070.83 nm, corresponding to a tuning range of 36.36 nm. Thermal lens effects are investigated to optimize the
optical cavity.
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Solid-state lasers have been widely applied in many fields,
including nonlinear frequency conversion, nonlinear
microscopy, surface physics, and precision manufacturing
because of high efficiency, large tunable range and good
beam quality[1–6]. In general, the output power and effi-
ciency of a laser system are mainly determined by proper-
ties of gain mediums. Glass gain mediums possess low
manufacturing costs, attainable large apertures, and
smooth fluorescence spectra. These properties make glass
gain mediums competent potential applicants for tunable
laser sources and ultra-short pulse generation[7,8].
Among various diode-pumped all-solid-state laser glass

gain mediums, Yb3þ-doped glass has gained significant
attention due to their excellent characteristics such as
large absorption coefficient, long energy-storage lifetime,
and small quantum defect, leading to less heat generation,
high slope efficiency, and good beam quality[7]. In recent
years, several glass materials doped with Yb3þ ions have
made great progress due to their capability of being
pumped by high-power diode lasers in the 900–1000 nm
region[9–12]. 2.8 W CW output power was achieved by
Liu et al. with a special water-cooled device on thin Kigre
QX phosphate glass, which corresponds to a slope of
15%[13]. Jaque et al. used a 2 mm thick Yb phosphate glass
to demonstrate a laser slope as high as 53% and an output
power of 0.8 W for a diode-pumped Yb3þ laser operating
at room temperature[14]. A broadband wavelength-tunable
glass laser was obtained by Loeser et al.maintaining a tun-
able range of 80 nm and output power of 250 mW based on
Yb:SiO2 multicomponent glass[15]. Röser et al. enlarged the
tuning range by using Yb-doped fused silica glass rods,
producing a 100 nm tunable range with 350 mW maxi-
mum output power[16].

Although several materials based on Yb glass have been
successful demonstrated, two main disadvantages: low
emission cross section and serious thermal load of gain me-
dia, limit the laser performance significantly[17,18]. Several
solutions have been adopted to overcome these problems.
One solution is adding novel compounds into host materi-
als to change cross sections and lifetime[19]. Different con-
centrations of host materials and doping iron can affect
the glass performance[20,21]. Additionally, thermal effects
can be decreased by being water cooled and producing
a thin glass configuration[13,14].

In this Letter, a new type of Yb:germanophosphate
(Yb:GP) glass [ð75P2O5-3Al2O3-4K2O-10BaO-3Nb2O3-
5B2O3Þ-3Yb2O3-20GeO2] was investigated, and the emis-
sion cross section was increased by doping GeO2. To pro-
mote the optical resonator design and match the mode
on the gain medium, the thermal lens effect was measured
and compensated. The maximum output power (826 mW)
at 1063 nm with a slope efficiency of 9.41% and an optical-
to-optical conversion efficiency up to 8% was achieved using
an absorbed pump power of 8.772W at 976 nm. The tuning
range was from 1034.47 to 1070.83 nm, with the curve peak
achieved at approximately 1056.42 nm, and a tunable range
of 36.36 nm. To the best of our knowledge, this is the first
time a laser base on Yb:GP glass was produced.

Figure 1 shows the room-temperature fluorescence in-
tensity of conventional Yb:phosphate glass and Yb:GP
glass, respectively. Yb:GP glass has a wide bandwidth,
and a higher intensity near 1060 nm, making it a better
applicant for gain mediums. Figure 2 shows the experi-
mental structure of the Yb:GP glass laser.

The pump source was a fiber-coupled diode laser with a
core diameter of 200 μm and numerical aperture (NA) of
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0.22, emitting at a central wavelength of 976 nm; a series
of 9.45 at. % doped Yb:GP glasses with the sizes of 3 × 3 ×
3 ðmmÞ and 3 × 3 × 4 ðmmÞ, respectively, were used as
gain mediums, which were all wrapped with indium foil
and mounted on a water-cooled copper block at a temper-
ature of 15°C. The pump was focused on the glass by using
a couple of lenses with an image ratio of 2∶1. The laser was
composed of a dichroic mirror M1, a highly reflective con-
cave mirror M2 with radius of curvature at 300 mm, and a
plane output mirror M3.
In order to optimize the beam quality and improve the

optical efficiency, the thermal lens effect was character-
ized. The thermal lens effect of glass is obvious and dom-
inant at high pump power; the stability zone of the optical
cavity is altered and the mode size is decreased[22]. High
modes, relatively low optical efficiency, and inferior beam
quality were induced by the thermal lens effect[23]. To ana-
lyze and adapt the thermal lens effect, the focal length of
glass for various pumping powers were calculated through
measuring the beam size of the laser output. We obtained
a series of beam radii at different places behind M3 by

using a charge-coupled device (CCD) camera. Afterward,
the beam radius on M3 was achieved by fitting the Gaus-
sian beam propagation equation. The Gaussian beam
propagation equation is

ω2ðzÞ ¼ ω2
0

�
1þ

�
M 2λz
πω2

0

�2�
(1)

where ω0 referrs to the waist spot size, ωðzÞ denotes the
beam spot size (at the z position considered), and M 2 rep-
resents theM 2 factor. The focal lengths of the thermal lens
were simulated from the Gaussian beam transformation in
the optical resonator. The beam radius on the glass were
achieved at the same time. Figure 3 shows the thermal fo-
cal lengths and the beam radii on the glass versus absorbed
pump power.

Several standards were considered to promote the opti-
cal resonator to match the thermal effects and accommo-
date the stability region[24]. The variation of the mode size
produced by the thermal lens effect should be as small as
possible. The stability zone of the solid-state laser resona-
tor should be insensitive to this effect. Given the focal
lengths of thermal lens of the glass, L1 and L2 were opti-
mized to 140 and 168 mm, respectively.

Various M3 transmissions (1%, 4%, and 6%) were used
to improve the laser output power and slope efficiency.
The highest output efficiency was attained with 4% M3,
and the maximum output power was 826 mW under
6% output transmission (shown in Fig. 4). Compared with
3 × 3 × 4 ðmmÞ glass, 3 × 3 × 3 ðmmÞ glass maintained a
high slope efficiency.

The M 2 factor and the beam profile of the laser under
326 mW output power were measured. The output beam
was obtained with a CCD camera. The results delivered a
beam quality of M 2

x ¼ 1.01, M 2
y ¼ 1.01 in both directions

perpendicular to the axis of the propagation (shown in
Fig. 5), which is close to the diffraction limit, revealing
an excellent TEM00 mode.

An SF10 dispersive prism was introduced into the out-
put arm of the laser cavity to obtain a wave. The output

Fig. 1. Room-temperature fluorescence intensity of Yb:GP and
Yb:phosphate (Yb:P) glass.

Fig. 2. Schematic of the experimental setup.

1.0 1.5 2.0 2.5
50

51

52

53

54

55

56

 Focal length of thermal lens
 Beam radii on the glass

Fo
ca

l l
en

gt
h 

of
 th

er
m

al
 le

ns
 (

m
m

)

Absorbed pump power (W)

75.0

75.5

76.0

76.5

77.0

77.5

 B
ea

m
 r

ad
ii 

on
 th

e 
gl

as
s 

(u
m

)

Fig. 3. Focal length of the thermal lens and beam radii on the
glass versus the absorbed pump power for the Yb:GP glass
sample.
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mirror withT ¼ 1% was applied during wavelength tuning.
The wavelength was tuned from 1034.47 to 1070.83 nm,
corresponding to a tuning range of 36.36 nm, as shown
in Fig. 6. The peak emission occurred at 1056.42 nm.
Further tuning on a shorter wavelength was limited by
the coating of the dichroic mirror.
In conclusion, we investigate the laser performance of

Yb:GP glass. The thermal lens effect is considered to com-
pensate and design the cavity. The focal length of the sam-
ple and beam radii on the glass are obtained. The

maximum output power of 826 mW at 1063 nm is
achieved. The broadband wavelength ranges from
1034.47 to 1070.83 nm, which corresponds to a wide tun-
able range of 36.36 nm. This is to the best of our knowl-
edge the first time laser output power and a wavelength
tunable range using Yb:GP glass is obtained. Experimen-
tal results indicate that Yb:GP glass is an excellent source
for tunable laser and ultra-short pulse generation.

This work was supported by the National Science Foun-
dation of China (NSFC) under Grant Nos. 11504394,
61521093, and 61378030.
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Fig. 4. Output power versus the absorbed pump power for the
Yb:GP glass.
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Fig. 5. Beam quality and M 2 factor for both directions
perpendicular to the axis of propagation.

Fig. 6. Wavelength tuning in the CW regime.
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