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Abstract— Ytterbium-doped silica fibers exhibit very broad
absorption and emission bands, from ~800 nm to ~1064 nm
for absorption and ~970 nm to ~l200 nm for emission. The
simplicity of the level structure provides freedom from un-
wanted processes such as excited state absorption, multiphonon
nonradiative decay, and concentration quenching. These fiber
lasers therefore offer a very efficient and convenient means
of wavelength conversion from a wide variety of pump lasers,
including AlGaAs and InGaAs diodes and Nd:YAG lasers. Effi-
cient operation with narrow linewidth at any wavelength in the
emission range can be conveniently achieved using fiber gratings.
A wide range of application for these sources can be anticipated.
In this paper, the capabilities of this versatile source are reviewed.
Analytical procedures and numerical data are presented to enable
design choices to be made for the wide range of operating
conditions.

I. INTRODUCTION

FTER the first report in 1962 of laser action in Yb3+-

doped silicate glass [1]. Yb“ has, until recently, at-
tracted relatively little interest as a laser-active ion. It has been

overshadowed by the Nd“ ion with its important advantage of

a four level transition, whereas Yb3" has only three level and

quasi—three level transitions. In fact. the most important role

of the Yb“ ion has so far been as a sensitizer ion, absorbing

pump photons over a wide spectral range and then transferring

the excitation to an acceptor ion, such as Er3+, which then acts
as the laser-active ion [2]. [3].

More recently, interest has been shown in Yb3+ as a laser

ion, in the form of Yb3+-doped silica and fluoride fiber lasers

[4]—[8], and Yb3+-doped YAG [9], [10]. There are several
reasons for this growth of interest. As shown in Fig. 1(a), the

Yb3+ energy level structure is a simple one, consisting of two

manifolds; the ground manifold ("F7/2 (with four Stark levels
labeled (a)—(d) in the figure) and a well-separated excited

manifold 2F,-,/2 (with three Stark levels labeled (e)—(g) in the
figure), ~10000 cm‘1 above the ground level. Thus there is no

excited state absorption at either pump or laser wavelengths.

The large energy gap between 2F,-,/2 and 2F,—/2 precludes
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nonradiative decay via multiphonon emission from ZF5/2,
even in a host of high phonon energy such as silica, and also

precludes concentration quenching. These features contribute

to the high efficiency of operation that can be achieved in
Yb3+ lasers, as does the closeness of the pump and laser

wavelengths. In fact, this energy defect, which leads to heating
of the host, is a factor of ~3 smaller for Yb:YAG compared

to Nd:YAG (pumped at 800 nm and lasing at 1064 nm). This

reduced thermal burden is a motivating interest for Yb:YAG.

Finally, the Yb3+ spectrum is rather broad both in absorption
and emission, and particularly so in a gerrnanosilicate host, as

shown in Fig. l(b). The broad absorption spectrum allows a

wide choice of pump wavelengths. In the form of a fiber, which

allows even very weak absorption to be exploited, pumping

can extend from 800 nm out to 1064 nm. Similarly, for a fiber,

laser operation can be made to extend well into the weak wings

of the emission, provided sufficient frequency discrimination

can be introduced to suppress lasing at the peaks of the

emission profile. The impressive progress in development

of fiber gratings [1 I] has made this matter of frequency

discrimination very straightforward and practical, so one can

now contemplate the prospect of narrow linewidth operation at

any discrete wavelength between ~97S and ~l200 nm, with

some degree of tunability (~l)% available by stretching or

temperature tuning the grating. This range covers a number

of wavelengths needed for specific applications, and these

can now be generated very conveniently from an Yb3+ -doped
silica fiber equipped with appropriate gratings. Examples in-

clude 102O nm for pumping 1300-nm fiber amplifiers [12] and

upconversion lasers based on Pr3+—doped ZBLAN [13]—[l5],
1140 nm for pumping Tm3+—doped ZBLAN upconversion
lasers [16], [17], and 1083 nm for optical pumping of He [18].

Given the wide range of different operating characteristics

that might be required for various applications, and the variety

of ways (e.g., different pump wavelengths) that could be
used to achieve these characteristics, there is a need for a

comprehensive discussion of the capabilities of Yb3+ fiber
lasers, giving quantitative design procedures. Such has been

the aim of this paper. A general discussion of Yb laser char-

acteristics is presented in Section II. In Section III, analytical

procedures and numerical data are presented to enable design
choices to be made. Such calculations depend heavily on the

availability of accurate absorption and emission cross section

data, and the relevant spectroscopy is described in Section IV.
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