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Why fiber lasers?
Simplified solid state laser:

doped crystal

M M

100% 99%

adjustable mirrors
field distribution must match the cavity eigenmodes
laser performance affected by environment
optical misalignment due to thermal drift possible
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Why fiber lasers?
Simplified fiber laser with fiber Bragg gratings (FBG) to feedback:

doped fiber

HR @λB LR @λB

no external mirrors
fewer cavity / fiber modes
environmental influences less significant
optical misalignment due to thermal drift still possible
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Why fiber lasers?
Requirements:

doped fiber

HR @λB LR @λB

single-mode
narrow linewidth
wavelength tunability by direct temperature control

e. g. pumping of holmium lasers
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“Writing” a grating into the fiber

illuminating phase mask
with fs laser beam
local change of n in core
and cladding
∆n, Λ, N
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Local index modulations cause Fresnel reflections
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Local index modulations cause Fresnel reflections
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The panda
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The PANDA fiber

cladding diameter 130 µm
core diameter 10 µm
rod diameter 35 µm

cladding

core

stress-applying rods

SA

FA
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Bragg resonance
Thermal response

Set-up

≈ 790 nm

pump Tm ASE

LR @ 1960nm

FBG

ϑ
b z

x

y

detector

beam dump

HR @ 790nm λ/2 PBS

beam dump

b
b

ASE signal as optical input
temperature control of FBG
analysis of Bragg wavelength and tunability
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Bragg resonance
Thermal response

Broadband Tm ASE source
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Bragg resonance
Thermal response

High-reflectivity FBG

Separate fiber with high-reflectivity (HR) FBG
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Bragg resonance
Thermal response

Low-reflectivity FBG

Separate fiber with low-reflectivity (LR) FBG
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Bragg resonance
Thermal response

High- and low-reflectivity FBG
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Monolithic set-up

≈ 790 nm

pump PM SM Tm:SI-fiber

HR @ 1960nm LR @ 1960nm

b z

x

y

detector

beam dump

HR @ 790nm λ/2 PBS

beam dump

b
b

monolithic laser with inscribed FBGs, only 1 splice required
temperature control of both FBGs independently
tunability and polarization
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Polarized spectrum
λB = 2neΛ
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Temperature tuning
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slow axis

15
20

25 30
35ϑ(HR) [◦C] 15 20 25 30 35

ϑ(LR) [◦C]

1960.7

1960.8

1960.9

1961.0

1961.1

1961.2

1961.3

1961.4

1961.5

1961.6

λB [nm]

1960.7
1960.8
1960.9
1961.0
1961.1
1961.2
1961.3
1961.4
1961.5
1961.6

SM PM Tm:fiber laser 14



Motivation
Fabrication of fiber Bragg gratings

Characterization of fiber Bragg gratings
All-active fiber laser set-up

Spliced fiber laser

Polarized output power

slow axis
fast axis

15 20 25 30 35ϑ(HR) [◦C]
15 20 25 30 35

ϑ(LR) [◦C]

30

35

40

45

50

55

60

P/Ptot [%]

30

35

40

45

50

55

60

SM PM Tm:fiber laser 15



Motivation
Fabrication of fiber Bragg gratings

Characterization of fiber Bragg gratings
All-active fiber laser set-up

Spliced fiber laser

Results so far

V wavelength tunable
V total output power of about 2W
V polarization extinction ratio of up to 41 dB

X single-polarization
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Spectrum in terms of pump power

1957.0 1957.5 1958.0 1958.5 1959.0
λ [nm]

0

5

10

15

20

I p
um

p

-80

-70

-60

-50

-40

-30

P
[d

B
m
]

SM PM Tm:fiber laser 17



Motivation
Fabrication of fiber Bragg gratings

Characterization of fiber Bragg gratings
All-active fiber laser set-up

Spliced fiber laser

Threshold of fast axis peak
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Threshold of slow axis peak

15 20 25 30 35
ϑ(HR) [◦C]

15

20

25

30

35

ϑ
(L

R
)[
◦ C

]

8

9

10

11

12

13

14

I th
re

sh
ol

d
[A
]

SM PM Tm:fiber laser 19



Motivation
Fabrication of fiber Bragg gratings

Characterization of fiber Bragg gratings
All-active fiber laser set-up

Spliced fiber laser

Output power
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Single-polarization possible
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Resumée

V wavelength tunable
V total output power of about 3.5W
V single-polarization
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Outlook

orthogonal splice with respect to stress
rod axes
further investigation of the splices
thermally induced change of the stress
field (stress rods)?
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