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A new 2D de tec tor was in stalled on D2B. This is a new
type of pseudo-2D high-res o lu tion po si tion sen si tive de -
tec tor, cov er ing 160 de grees hor i zon tally by 14 de grees
ver ti cally. In the hor i zon tal plane, high-res o lu tion is ob -
tained by scan ning a bank of 128 fine 5-min ute collimators. 
In the ver ti cal plane lower res o lu tion is ob tained us ing ver -
ti cal lin ear-wire po si tion sen si tive de tec tors. Since the
height of the de tec tors is 300 mm, ver ti cal res o lu tion is
needed to cor rect for the cur va ture of the dif frac tion cones.
Ini tial prob lems with back ground and cal i bra tion were re -
solved, and the nor mal user pro gram re started while data
re duc tion rou tines were fur ther de vel oped. The ef fi ciency
is about an or der of mag ni tude greater than with the “old”
de tec tor.  In the high in ten sity mode a pat tern with good
sta tis tics can be col lected in a few min utes. 

A pow der pat tern mea sured on the new D2B de tec tor,
show ing how the cur va ture of the dif frac tion cones de -

pends on the scat ter ing an gle is shown be low. A com puter
rou tine “straight ens” and in te grates these curves to pro -
duce a stan dard in ten sity vs. 2theta dif frac tion pat tern.

A 30 mg sam ple of CeO2 was mea sured at room tem -
per a ture on D2B. A spe cial va na dium con tainer with very
thin walls was used. The data ac qui si tion last 17 hours and
the pat tern ob tained is per fectly refinable. Such a mea sure -
ment was pos si ble be cause of the high qual ity of the new
D2B de tec tor as well as the work done on the in stru ment
zone to re duce the neu tron back ground as much as pos si -
ble.

 We have no doubt that it should be pos si ble to mea sure
even smaller sam ples if lon ger count ing times can be sci en -
tif i cally jus ti fied.
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In a col lab o ra tion of the Technische Universität Darmstadt
and the Lud wig-Maximilians-Universität München,
funded by ger man gov ern ment (BMBF), we build up the
new Struc ture Pow der Diffractometer (SPODI) at the neu -
tron source FRM-II in Garching near München (see Fig. 1). 
The in stru ment op er ates in the an gle-dispersive mode with
a pre vi ously se lected wave length. This con tri bu tion will
give an over view of the sta tus and the in no va tions of new
com po nents in cluded in the con cept [1, 2, 3]. Par tic u lar
high lights of the set-up are for ex am ple the so phis ti cated
supermirror neu tron guides (trum pet shape) for ther mal

neu trons, the high take-off an gle 155° re al ized with 17
slabs of an un con ven tional ori en ta tion (551) of the ger ma -
nium mono chro ma tor (each slab con sists of 37 wa fers !),
the 300 mm high collimators with ta pered side walls to en -
large the ef fec tive de tec tion area, the po si tion sen si tive de -
tec tor pro vid ing 2D ar ray de tec tion with mul ti far i ous
eval u a tion pro ce dures, the space op ti mized shield ing with
dif fer ent spe cial ma te ri als (to im prove the sig nal to back -
ground ra tio) etc. The reali sa tion of this lay out aims at
higher in ten sity, im proved res o lu tion and better pro file
shape. Monte Carlo sim u la tions of the com plete in stru ment 
in clud ing the sam ple for test ing were car ried out to match
the com po nents. First test mea sure ments of sin gle com po -
nents at other neu tron fa cil i ties prom ise many ap pli ca tions
of SPODI.

The de sign and sta tus of the new Struc ture POw der
DIffractometer (SPODI) is re viewed. To solve com pli -
cated struc tures re li ably by pow der dif frac tion not only
high res o lu tion and in ten sity are es sen tial, but, in par tic u -

lar, also ²good² peak pro files that can be de scribed as per -
fect as pos si ble. For strongly over lap ping re flec tions, un -
cer tain ties in the ex act shape can lead to a wrong
dis tri bu tion of the in ten si ties. More over, such knowl edge
vir tu ally in creases the res o lu tion of the in stru ment far be -
yond that given by the widths of the peaks. Sim i lar ar gu -
ments hold for a good peak to back ground ra tio which can
be achieved not only by a low back ground, but also by nar -

row tails of the peaks. Fi nally, such ²good² peak shapes

should be main tained up to large scat ter ing an gles 2q.
Based on these con sid er ations com puter sim u la tions have
been used to op ti mise both each sin gle com po nent and their 
in ter ac tion along the in stru ment. The re sult ing con cept to -
gether with test mea sure ments of sin gle com po nents at
neu tron sources have been de scribed in ref er ence [1, 2, 3,
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Fig. 1: Set-up of the Struc ture Pow der DIffractometer SPODI at
the FRM-II.

Fig. 2: Pho to graph of the ger ma nium mono chro ma tor (551) in -
stalled in the mono chro ma tor drum. The in set dis plays rock ing
curves of a sin gle mono chro ma tor slab. 
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4, 5]. The high flux at the sam ple po si tion with neu trons of
very low ver ti cal di ver gence be cause of the 5m dis tance to
the mono chro ma tor al lows the unique pos si bil ity to in te -
grate a small-an gle ap pa ra tus in the whole sys tem [6]. 

Cur rently the align ment of the sin gle mono chro ma tor
slabs is done to op ti mize the fo cus ing of the beam at the
sam ple po si tion.
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The EXED in stru ment is a very high res o lu tion time-
of-flight pow der diffractometer, which has been op ti mised
for dif frac tion in ex treme en vi ron ments. A spe cial fo cus is
on high mag netic fields and thus the in stru ment will be
equipped with a ded i cated 25 T cryomagnet. The in stru -
ment is be ing built at the steady state re ac tor BERII of the
Hahn-Meitner-Institut Berlin. How ever, its so phis ti cated
chop per sys tem al lows the ap pli ca tion of the time-of-flight
(TOF) prin ci ple and, com pared to a com mon crys tal mono -
chro ma tor in stru ment, EXED of fers a num ber of ad van -
tages on a con tin u ous source: a) it can pro vide higher
res o lu tion, com pa ra ble to what is now achieved at syn chro -
tron ra di a tion sources; b) it makes small d-spac ing readily
ac ces si ble; c) it is more ef fi cient in terms of neu tron in ten -
sity for con ven tion ally high res o lu tion neu tron dif frac tion
work and d) it fa cil i tates the use of ex treme sam ple en vi -
ron ment equip ment by pro vid ing a full cov er age of the rel -
e vant Q do main at very lim ited an gu lar ac cess in scat ter ing
an gles, for in stance due to the mag net ge om e try (see Fig.
1). The phys i cal rea son for these ad van tages is that at high
scat ter ing an gles good res o lu tion can be achieved with out
collimators. 

The chop per sys tem al lows for a very flex i ble use of the 
in stru ment: As the rep e ti tion rate is not de fined by the

source, al most any d-spac ing can be achieved in the for -
ward as well as the back ward scat ter ing di rec tion. In ad di -
tion, a slew ing of the chop per phases per mits a con tin u ous

Bank (171 ± 7)° (9 ± 7)° (163 ± 15)° (17 ± 15)°

d-spa cing 0.35 - 10.1 C 2.52 - 571 C 0.35 - 10.4 C 1.27 - 571 C

Q 0.62 - 17.9 C-1 0.011 - 2.49 C-1 0.6 - 17.9 C-1 0.011 - 4.95C -1

Ta ble 1: Var i ous de tec tor bank con fig u ra tions. For the two first col umns the sym met ri cal ar range ment of the de tec tor is sup posed with
the cor re spond ing an gu lar cov er age of 15° on each side of the neu tron beam axis, the two last col umns cor re spond to an asym met ri cal
ar range ment with an an gu lar cov er age of 30° on one side of the neutron beam axis.
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Fig. 1: Sche matic view of the EXED in stru ment. The grey tubes
cor re spond to a bal lis tic neu tron guide (straight guide and the
com pres sor [1]). The neu tron pulses are pro duced al ter na tively by 
a Fermi chop per (in green) or by a coun ter ro tat ing dou ble disk
chop per (in red), which are ex change able. The other disk chop -
pers (in red) are frame over lap chop pers and a wave length band
chop per. The po si tion sen si tive gas de tec tors are pre sented in yel -
low and can be moved around the sam ple and the mag net.
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vari a tion of the wave length band. In the back ward di rec -
tion it can be com bined with a very high res o lu tion. The
EXED beam line is unique in the sense that it has ac cess to
both the cold and the ther mal mod er a tor and takes ad van -
tage of a large wave length band rang ing from 0.7 to 20 C
with lo cal max ima at 1.4 and 3.8 C.

The de tec tor banks are planned to be equipped with
tubes with a di am e ter of 1 cm and an ef fec tive length of 90
cm, which are filled with He gas. They shall be po si tion
sen si tive with a res o lu tion of 1 cm and will cover an ef fec -
tive sur face of 50 x 90 cm². It will be pos si ble to move them 
around the sam ple po si tion or to trans late them. In the 2 m
po si tion, the two de tec tor banks will cover a 28° scat ter ing
an gle range, while in the 6 m po si tion only 10° are cov ered. 
In the lat ter con fig u ra tion, a movable vac uum or gas tank
be tween the sam ple and the de tec tors will be used to re duce 
air scat ter ing.

Dif fer ent collimation mod ules can be ap plied to fur ther
op ti mise the res o lu tion: the fi nal in ter change able guide
sec tion ei ther ho mogen ises the beam whilst main tain ing
the di ver gences or fur ther fo cuses it to the sam ple po si tion.
Or a pine hole collimator per mits the fine tun ing of the hor -
i zon tal and ver ti cal di ver gences. The d-spac ings and mo -
men tum trans fers Q ac ces si ble with the var i ous de tec tor
bank con fig u ra tions are listed in ta ble 1. The in stru ment is
de signed for both nar row-band width and broad-band width 

op er a tions, the lat ter achieved by rep e ti tion-rate re duc tion
and/or chop per slew ing.

First Monte Carlo sim u la tion re sults show typ i cal pow -
der pat tern di a grams for an Al sam ple and con firm the the -
o ret i cally cal cu lated res o lu tion in back scat ter ing di rec tion

of Dd/d ~ 3 x 10-4 (see fig. 2) for the wave length range of

0.7 C < l < 1.8 C and at scat ter ing an gles 156 ° < 2q < 179°.
Con cern ing the ex treme en vi ron ments, the most im por -

tant fea ture is the high field steady state mag net which can
cre ate a mag netic field of up to 25 T (later on pos si bly 40
T). De pend ing on the range of scat ter ing an gle re quired the
mag net can ei ther be used in a sym met ric or asym met ric
neu tron beam con fig u ra tion or it can be re moved from the
ex per i ment to al low for usual elas tic dif frac tion.

Ad di tion ally to the mag net or sep a rately fur ther sam ple
en vi ron ment el e ments like cryo stats cre at ing low or high
tem per a tures rang ing from 1.5 – 700 K and pres sure cells
of  up to 20 kbar can be em ployed.

In a me dium-term per spec tive pos si ble ex ten sions are a
small an gle scat ter ing (SANS) op tion with a collimator
length of up to 6 m and in elas tic scat ter ing at high mag netic 
fields.

[1] F. Mezei, J. Neu tron Res. 6 (1997) 3.

[2] F. Mezei, M. Russina and S. Schorr, Physica B 276 – 278
(2000) 128.
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Fig. 2: Pow der pat tern MC sim u la tion re sults for 0.7 C  < l < 1.8 C  and 156 ° < 2q < 179 °  as a func tion of the d-spac ing. At 2q  ~ 176 °

and l = 1.34 C (rhs), nearly the high est to tal res o lu tion of dd/d ~ 3´10-4 is ob tained.
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HIGH-RESOLUTION NEUTRON DIFFRACTION PERFORMANCE FOR
STRESS/STRAIN MEASUREMENTS IN POLYCRYSTALLINE MATERIALS 
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Ex ci ta tion of mul ti ple re flec tion ef fects in cy lin dri cally
bent per fect Si sin gle-crys tals which re sult in
Umweganregung  (Renninger ef fect) is in fact a sim u la tion
of for bid den ba sic pri mary re flec tion by a co op er a tive ac -
tion of sec ond ary and ter tiary re flec tions. Sche mat i cally is

this pro cess shown on Fig. 1. Us ing a stan dard  qM-2qD

scan with the bent crys tal in sym met ric trans mis sion ge om -
e try many strong umweg-ef fects could be de ter mined as
dem on strated in Fig. 2. For the pres ent ex per i men tal stud -

ies we chose the ef fect ob served at qM = 29.956o which is
re lated to the sim u la tion of the for bid den 222 re flec tion by

a co-op er a tive ac tion of 153/1-3-1 and -31-1/513 (sec ond -

ary/ter tiary) re flec tions at l = 0.156 nm. It has been al ready 
proved in the ex per i ment with a sin gle crys tal sam ple de -
pend ing on the crys tal cur va ture the mono chro matic beam
from the umweg mono chro ma tor is highly par al lel within
the di ver gence of about (1-5) x 10-4 rad and has ex cel lent

Dl/l res o lu tion [1].  In the pres ent case the mono chro matic 
beam ob tained by this mul ti ple re flec tion mono chro ma tor
was used in pow der dif frac tion test car ried out with a solid

a-Fe.polycrystalline standard sample (F = 2 mm). Fig. 3
displays several diffraction profiles that clearly prove the
applicability of the umweg-monochromator for high- res o -
lu tion diffraction studies. FWHM of the diffraction profiles 
are however, determined by the spatial resolution of the
used PSD and the width of the sample [2, 3]. Therefore, it
can be considered as an upper limit. 

Then, such a high-res o lu tion dif frac tion per for mance
we used for in ves ti ga tion of Fe-re flec tions in an in duc tion

hard ened S45C rod (F=20 mm) hav ing dif fer ent phase
com po si tion at dif fer ent dis tances from the rod axis. For
de ter mi na tion of gauge vol ume we used 2 mm in put and
out put slits in the in ci dent as well as dif fracted beam, re -
spec tively.  Fig. 4 dis plays the dif frac tion pro file (black
points) ob tained at the dis tance 8 mm from the axis (2 mm
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Fig. 1. Sche matic sketch of a two-step mul ti ple re flec tion sim u -
lat ing a for bid den re flec tion.
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be low the sur face). Sim i larly, Figs. 5 dis plays the dif frac -
tion pro file (black points) ob tained at the dis tance 6 mm
from the axis (4 mm be low the sur face). Fit ting of the ex -
per i men tal pro files were car ried out by two (in the case of
data re lated to Fig. 5) or three Gaussians (in the case of data 
re lated to Fig. 4) (cor re spond ing prob a bly to pearl it ic, fer -
rit ic, and martensitic phases).  The re sults af ter the fit ting
pro ce dure are shown in Figs. 6 and 7.  Thanks to the used
high-res o lu tion mono chro matic beam, af ter a fit ting pro ce -
dure we could re li ably de ter mined con tri bu tions of the in -
di vid ual phases. 

Diffractometers em ploy ing umweg-mono chro ma tor
can pro vide ul tra-high res o lu tion at a rather low take-off
an gles. The res o lu tion is com pa ra ble to that of back-scat -
ter ing in stru ments. Of course, they can be ef fi ciently used
namely at high-flux neu tron sources. It should be noted that 
in our case the res o lu tion pro vided by the umweg-mono -
chro ma tor is higher than that pre sented in Fig. 3. The
widths of the dif frac tion pro file re ceived at the stan dard

a-Fe sam ple are in our case de ter mined by the spa tial res o -

lu tion of the po si tion sen si tive de tec tor (1.5 mm) and the
widths of  input and output slits (2 mm).
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Fig. 4. Raw ex per i men tal data of  a in duc tion-hard ened S45C
steel taken 2 mm un der the sur face. 
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Fig. 5. Raw ex per i men tal data of a in duc tion-hard ened S45C
steel taken 4 mm un der the sur face. 
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Fig. 6. In duc tion-hard ened S45C steel dif frac tion pro file taken at
2 mm un der the sur face with the fit ted pro files cor re spond ing to
the perlitic, fer rit ic and martensitic phases
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Fig. 7. In duc tion-hard ened S45C steel dif frac tion pro file taken at
4 mm un der the sur face with the fit ted pro files cor re spond ing to
the fer rit ic and martensitic c phases.


