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proﬂles SMERGINa N firomstepEindexhibers) canbe chiahactemzedNnhealFtime:

The call of Industry and research
for guiding high power optical
fields by means of step-index
fibers makes It necessary to en-
large the core size of waveqguid-

Ing structures. This veering away
from single mode condition causes
a certain beam quality loss, due to
the appearence of higher order
mode content [1]. A simple experi-

MOGdEes of'S

Starting from Helmholtz' equation,
describing the spatial structure of
monochromatic light and under
the assumption of a weakly-guid-
Ing step-index fiber one obtains
the linear polarized (LP) modes as
solutions of the eigenvalue prob-
lem. These modes build a finite, or-
thogonal and complete set of
elgenfunctions {y .}, so that an ar-
bitrary scalar field U(r) can be de-
composed:

UM =) c. O

with the complex-valued mode
coefficients c.=p.exp(19,) [2]:

mental procedure using a CGH en-
ables to measure both  modal
weights and intermodale phases of
Investigated beams In real-time.
Since the full information about
the optical field becomes avalil-
able, not only beam-quality char-
acterization IS possible but also
the Investigation of the modal be-
haviour of disturbed fibers.

C, ﬂerw U. (2)

Since the possible LP-modes for a
given fiber (Fig. 1) can be easily
calculated [3], only the coeffi-
cients ¢, have to be determined to
achieve full field information.

Fig. 1: Intensity distribution of the
six lowest order LP-modes

In the case under consideration,
we need information about modal
strengths p? as well as about inter-
modal phases @, . A suitable corres-
ponding transmission function T
has been found and implemented
In the CGH (called "MODAN",
mode analyzer) as a binary amp-
litude mask, encoded by Lee-meth-
od. The system under test Is a
commercial LMA fiber with V=b.
As a consequence, In one polariza-
tion state a maximum of Six
modes can be excited and corres-
pondingly as many "channels™ are
Included. For each intermodal
phase measurement two more chan-
nels are added Into T [4]. In the
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Fig. 2: Correlation pattern

Fourier-plane behind the 1llumin-
ated MODAN (Fig. 3, CCD,) one
obtains a correlation pattern, con-
taining the field information (Fig.
2). The required buildup Is shown
In Fig. 3. It basically consists of a
simple 2f-setup - the mayor ad-
vantage of our method.
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Fig. 3: Experimental setup: MO, ,, - microscope objectives, P - polarizer,
L - imaging lens, BS - beam-splitter, FL - Fourier-lens, M - mirror

As experimental results different
near-field beam profiles have been
measured by CCD,, modally de-
composed (by MODAN, FL &
CCD,) and numerically reconstruc-
ted according to Eq. 1.

In Fig. 4 a single-mode like pro-
file 1s displayed. However, the
mode analysis exhibits, that =
17% higher order mode content ex-
Ists. The correlation coefficient r
between measured and reconstruc-
ted Intensity distribution Is higher

(a) measured

(a) measured

(b) reconstructed

than 0.98.

An optical field, consisting of a
large amount of higher order
modes can be seen in Fig. 5. Here,
the modes LP,,, and LP,,, togeth-
er are guiding about 60% of the
total power.

Fig. 6 demonstrates the ability of
the method to achieve the full In-
formation about the optical field.
The Intensity and the reconstruc-
ted phase distribution - In this case
a vortex-structure - Is pictured.
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Fig. 5: (a) measured near-field, (b) reconstruction result, (c) modal statistics

(a) measured

(b) reconstructed
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Fig. 6: (a) measured near-field, (b) reconstruction result, (c) 3D-phase front.
Modal weights: P(LP,,) = 15 %, P(LP,,.) =36 %, P(LP,,, ) = 17 %

We Introduced an In-situ character-
Ization method for measuring the
full field information about optical
fields. With a low cost experiment-
al realization It iIs possible to de-
termine the fractional power of
excited modes and their phase dis-
tributions - even  for unusual
beam profiles, e.g. ring-like struc-
tures. For this reason it Is also con-

ceivable to characterize t
step-index fiber fields by t
beam-quality factor (M?2-param
ter) [1]. Furthermore the mode
propagating properties of dis-
turbed and bended fibers, that are
changing their mode contents
(mode-decoupling, polarization ef-
fects, power-loss) can be Investig-
ated.
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