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Yb3t-doped double-clad fiber laser with all fiber cavity
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A novel all fiber cavity Yb3T-doped double-clad fiber laser (DCFL) based on two double-clad fiber (DCF)
Bragg grating is presented. The fiber Bragg gratings (FBGs) as the input and output mirrors have
been formed in Yb3t-doped DCF with the phase-mask method, and their reflectivities are 99% and 22%,
respectively. When the input pump power is 417 mW, the maximum output power is 144 mW with
linewidth <0.1 nm at the wavelength of 1.057 pm, over 40-dB signal-to-noise ratio (SNR), and 50.8% slope

efficiency.
OCIS codes: 060.2320, 140.3510, 140.3480.

Yb3*t-doped double-clad fiber lasers (DCFLs) are of
great interest for many practical applications. Because
of their geometry, pump light can be launched into the
first cladding. For the energy levels of Yb?* in silica are
simple, there are no excited state absorption and low con-
centration quenching by interionic energy transfer. The
Yb3*-doped DCFL with high power can be used for many
applications such as printers and free-space communica-
tion. So it is rec}luired for high output power and high
beam quality=7].

However, to most of these high power lasers, diachronic
mirrors are often used as inner and (or) outer cavity
reflectors. This massive cavity does harm laser perfor-
mances because the high pump power make many modes
be excitated simultaneously in broad gain band rare-
earth-doped fiber. Furthermore, because dichroic mir-
rors have wide reflective-band, these lasers cannot gen-
erate narrow linewidth and desired wavelength. Because
dichroic mirrors are not fiber components, the compat-
ibility and compactness of laser are limited'=4. The
Bragg gratings that compose a laser cavity are fabricated
in a high germanosilicate host fiber and then spliced with
an Yb3t-doped active fiber. The difference of parame-
ters between two kinds of fibers leads to additional losses
for both pump and signal lights(®-%!. Therefore it is evi-
dent that laser efficiency can be improved if Bragg grat-
ings are written directly in an Yb3*-doped fiber as a
laser medium(™. In this letter we report the fabrication
of Yb3*-doped double-clad fiber (DCF) gratings and the
properties of lasers based on these gratings. This laser is
a kind of all fiber cavity DCFL. The cavity is made of two
gratings. One is formed in the hydrogen loaded DCF with
the method of phase mask. The other is formed directly
in the DCF with the same method. The reflectivities of
fiber Bragg gratings (FBGs) are nearly 99% and 22%,
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respectively. When input pump power is 417 mW, the
laser output power is 144 mW, linewidth A\ <0.1 nm at
the wavelength of 1.057 pm, incident pump laser thresh-
old is 139.8 mW, signal-to-noise ratio (SNR) is over 40
dB, and slope efficiency is 50.8%.

Taking account of the rate equations under steady state
conditions for linear cavity Yb?t-doped DCFL, the out-
put power of laser is written asl
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where Ry and Ry are the power reflectivities of Bragg
reflectors at z = 0 and z = L, respectively. Py is out-
put power, P, (L) is the positive direction signal power
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P,(L) and P,(0) are the incident pump powers of pos-
itive at direction z = L and z = 0, respectively, z is
a longitudinal position along the fiber, Iy is the signal
mode field distribute parameter in fiber core, N is total
density of Yb3* ions, oy is loss factor of laser in the cav-
ity, and o0, is signal absorption cross-section, vs and v,
are signal and pump frequencies, respectively.
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Fig. 1. Experimental setup of Yb®*T-doped DCFL with all fiber cavity.

1671-7694/2004/100592-03

http://www.col.org.cn



October 10, 2004 / Vol. 2, No. 10 / CHINESE OPTICS LETTERS 593

From Egs. (1) and (2), the output power and the slope
efficiency depend on three sections: the quantum tran-
sition efficiency vg /ug,, the loss of laser cavity, and the
characteristics of Yb°T-doped DCF'. As a result, to op-
timize the cavity of high power Yb®t-doped DCFL, we
need to take into account the influences of all above fac-
tors.

Figure 1 is the experimental setup of all fiber cavity
Yb3+-doped DCFL. The pump source is a laser diode
(LD), whose maximum output power at 976 nm from
the pigtail is about 1 W. The diameter of the Yb3*-
doped DCF (the 46th Institute of China Electronics
Technology Group Corporation and NanKai University)
core is 5 pm, and the diameter of inner cladding is 125
pm. The all fiber cavity is made of 24-m Yb3*-doped
DCF, the reflectivities of gratings equal to 99% for the
high reflector (FBG1) and 22% for the output coupler
(FBG2). Because of the low germanium concentration in
the Yb3t-doped DCF core, we enhance its photosensi-
tivity after out-diffusion of hydrogen about 10 days. We
write the high reflectivity DCF grating and write another
low reflectivity grating directly in one end of the Yb3+-
doped DCF core with the phase-mask method. The ul-
traviolet light source is a narrow-band KrF excimer laser
operated at 248 nm. The phase mask period is 724.86
nm. Grating transmission spectra are measured with an
Yb3+-luminescence source pumped at 980 nm and Q8383
optical spectrum analyzer (OSA) with spectral resolu-
tion of 0.1 nm. Figures 2 and 3 show the transmission
spectra of the two FBGs. Transmission dips appear at
1.057 and 1.055 pm, respectively. We splice the high
reflectivity grating to the active fiber. To profit from
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Fig. 2. Transmission spectrum of the FBGI1.
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Fig. 3. Transmission spectrum of the FBG2.

the same fiber, we can use standard splicing technology
with very minute splice loss. The active fiber and grat-
ings are mode-matched to the core and inner cladding.
It is most desirable to have low propagation losses at
both pump and signal wavelengths, which ensure a low
laser threshold. Because the reflecting centers of the
two gratings are different, we use an equivalent-strength
beam to chirp-free tune the center wavelength of the low
reflectivity DCF grating matching to the wavelength of
the high reflectivity DCF grating. A couple system is
used between the pigtail of LD and the input end of fiber
laser.

Figure 4 shows the output power of the fiber laser as a
function of the input pump power. Laser emerges when
the incident pump power increases to 139.8 mW. Laser
output centered at 1.057 pm is observed. The maximum
output power of 144 mW is measured at the absorbed
pump power of 417 mW. The power is measured with
laser power meter after residual pump laser is filtered.
The slope efficiency of the laser with respect to launched
pump power is about 50.8%. There is difference be-
tween this value and the limiting value of the ratio of
laser to pump power in our work. This difference can
be decreased by two main methods: 1) optimize the
reflectivities of the FBG1 and FBG2 to approach to the
optimally theoretical value; 2) optimize the parameters
of the fiber such as Yb3* concentration, inner cladding
shape, and fiber length, etc..

The fiber laser emission spectrum is measured with
OSA. During most the operating period, laser wavelength
is stably clapped at 1.057 ym. No significant wavelength
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Fig. 5. Spectrum of the output laser.
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reason that the laser cavity in our work uses double grat-
ings selecting frequency, there is little mode in the laser
emission spectrum. This is propitious to obtain narrower
linewidth and more stable centeral wavelength of the out-
put laser. Figure 5 shows the spectrum of the output of
the fiber laser. The output linewidth (FWHM) of the
fiber laser is less than 0.1 nm. Accurate measurement is
limited by the resolution of OSA. SNR is over 40 dB.

In conclusion, we make an all fiber cavity DCFL with
two FBGs. The high reflectivity grating is spliced to the
active fiber as the input reflector of the cavity. The low
reflectivity grating as output mirror of the cavity is di-
rectly written in one end of the active fiber. So the splice
loss in the cavity of the DCFL is very little and the bulk
of the DCFL is reduced. By virtue of the combination of
cladding-pump scheme and distributed Bragg reflector
(DBR) of FBG, wavelength-definite, narrow linewidth,
high-efficiency, high-beam-quality laser performances are
demonstrated, which are of great interest for many im-
portant applications!’=3].
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