
High Resolution Differential Mode Delay Analysis of
LASER-optimized Multimode Fibers

   S pecification of 10GbE fibers  with H RDMD

As t ransmission speeds reach 10 Gb/s DMD measur ements become the only
reliable method of ensuring bandwidths. W ith the declared DM D r equirements

in IEEE 80 2.3ae a minimum ef fective bandw idth of 20 00MHz* km can be
ensur ed by using tr ansmit ters specif ied by IEC  612 80-1-4 . To reduce the

complex description of t he mode st ructure two radial masks are intr oduced
and analyzed. The following illust ration contains the DMD condition f or these

radial masks. T he f iber have to meet at least one of  these DMD templates.

      Refractive index profile optimization based on HRDMD

HRDM D provides feedback to enable accurate and pr ecise control of the Preform manufacturing process.
Therefore it is possible to adapt t he refr act ive index prof ile of  the fiber dir ect ly to a nearly parabolic pr ofile.

Determination of Effective Modal Bandwidth by HRDMD

Measurement of the DM D-behavior  at 85 0nm can be t ransformed to get  informat ion about the DM D
behavior  at 13 00nm. Therefore it is possible to calculate Eff ect ive M odal Bandwidths (EMB) for
diff er ent launch condit ions like Overf illed or Rest ricted Mode Launch for both wavelengths. Differ ent

launch conditions cause a dif ference in mode exciting and therefore a differ ent  respect ive EMB. T his
EMB can be deter mined with knowledge about t he Mode Power Dist ribution. In that  way the

fundamentals are now available f or future deployments of  Vertical Cavit y Surface Emitt ing Lasers
(VCSEL) at 1 300nm.
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High Resolution Differential Mode Delay

         (HRD MD)  measurement

FiberCor e J ena AG has a high resolut ion, high accuracy
measur ement  equipment t o determine the DMD-st ructure of  a

Multimode fiber.  A Single-Mode fiber scans the face surface of  a
Multimode fiber and excites selected modegroups.
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Fourier t ransformat ion and bandwidth deter minat ion
 for  ever y launch condition

Determination of Pulse
Response

2 . H RD MD  refe ren ce of th e meas ure men t s yste m

An ex amp le for a HRDMD m easu rem ent resul t:

With a theory developed by K.
Peter mann it  is possible t o

determine the pr of ile deviations
of t he cur rent P rofile- to t he

ideal Profile-St ructur e.

Simpl ified illustration of the procedure to calculate the
Effective Modal  Bandwidth

Transformation from 850 nm to 1300 nm

Addit ional t o this condit ion t he fiber DMD shall not exceed 0 .25 ps/m for  any
of t he following radial of fset int er vals.

In terval
numb er

R INNER

(µm)
ROUTER

(µm)
1 7 1 3

2 9 1 5
3 11 1 7
4 13 1 9

           The ideal r esult of  th e optimizat ion:
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Parameter High Res olution
DMD

Conventional
DMD

s po t dia met er in µm 5 17
time  res olu tion  in  ps 2 50

sc an  ste p  in  µm 1 2

[ So urce:  Ha ma matsu P hoton ic s D eu tschl and  G mbH ]

radi us  i n µm

radius core:      a
delay time dstandarize:      τ

position radial:     r
 correction profile:  ∆f
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An example f or a m easu red HRDMD-M atr ix:

[ So urce:  IE C SC 8 6A ]

Compute r

H RD M D Ma trix at 85 0 n m H RD M D Ma trix at 13 00  nm
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E-Mail: Ralf.Bit ter@FiberCore.de


