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The measurement of dislocation structures on mesoscopic length scales is a particularly important
application of white-beam Laue microdiffraction. Near a Bragg reflection the intensity distribution

in reciprocal space is sensitive to the organization of the dislocations, which occurs at several
structural levels. Unpaired geometrically necessary dislocat®N®) and geometrically necessary
boundaries(GNB) result in elongated streaks in the Laue image. The direction of the streaks
depends on the average orientation of the dislocation arrays and the diffraction vectors. Laue images
collected using synchrotron x-ray microbeams are sensitive to the detailed hierarchical distribution
of dislocations and can be used to study the orientation and density of individual GNDs and GNBs.
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X-ray microbeam measurement of dislocation structures .
is an emerging new area. The techniques are based on classic 1(q)= fzz eldde T, @
polychromatic(white) beam Laue diffraction widely used to !
determine crystal symmetry and orientation. Compared wittieref is the average scattering factor of the matrix atoms;
traditional monochromatic microbeam diffraction, the white-A=R{— R} is the undistorted distance vector between the
beam method has several gdvantaﬂgéﬂ) .the sample does lattice cellsi, j, andT=nS3, 1—eliQUit-u] s the corre-
not need to be rotated which allows rapid analysis of poly- ) ) _ o
crystalline materials2) the intensity distributions around a lation function. HereS is the area of one dislocation in a

large number of different reflections can be simultaneously’@nsverse planetis the total dislocation density, am®is a
measured and analyzed from the same subgt&jnan un- dimensionless quantity that indicates the fraction of lattice

compromised full three-dimensional reciprocal space imen_sites covered with dislocations. The total displacement of the

sity distribution can be measured when necessary by scafll Cell Ui is calculated from a superposition of displace-

ning the incident beam energy. mentsu;, from all GNBs in the sampleJ;= >, c,u;,. Here

Our analysis of dislocation structure is based on the gen- . . _ . : .
eral kinematic treatment of x-ray scattering from ¢=1 ifthere is a GNB in the position andc,=0 if there is

. : 1 . no GNB att.
dislocations ! We restrict ourselves to the case where the Consider cells with different orientations in deformed

Ienstzgrs)ll%gfr:gzlrjigIilsB()j?cr)T;lr:?dei;{ill)t %?sc;cr)cgtrilc():r?gyv:aellz ; material separated by GNBs formed by tilt dislocation walls
and(2) hierarchy in dislocation structure with GNB separat-
ing regions with incidental dislocation boundari&B) and
individual geometrically necessary dislocatiof&NDs)
(Fig. 1). Treatment of white beam diffraction by unpaired
individual GND is given in Ref. 12. In reciprocal space the
exact positions of regular reflectioiiiskl) are related to the
orientation and reciprocal space lattice distortions. The mo-

mentum transfer corresponding to a Bragg/Laue reflection a
Gy is defined bykp,—kq, where (ko|=|Knul=k). Here

ko is the incident wave vector ang,, is the scattered wave
vector that satisfies the Bragg/Laue conditions. The diffuse
scattering intensity depends on the deviatipa Q— Gy

=k —kp between the diffraction vect@=k—kg, and the
momentum transfeG,,, for a Laue reflection. The intensity
distribution of a crystal with different dislocation arrays may

be written as follows>:1?

FIG. 1. Schematic of a crystal with different unpaired dislocations arrange-
dAuthor to whom correspondence should be addressed; Electronic maiments:(a) GNBs formed by tilt dislocation walls angb) hierarchy of dis-
barabashr@ornl.gov location structures formed by GNBs and individual GNDs.
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shown in Fig. 1a). Each wall provides a rotation between st j
two neighboring mosaic blocks around the direction of dis- 1
location lines within the wall. The unit vectap parallel to
the rotation axis of each wall coincides with the unit vector |
along the dislocation lines in the case of a tilt boundary. We ./ .
consider pure tilt boundaries formed by equidistant edge dis- ' e
locations (so-called “thin walls™®%. Such boundaries do
not produce long-range strain, only rotations. The residual
stresses in the boundary region are periodic with a wave-
lengthb* =b csc®/2. These stresses are appreciable only at
the distances less thdst from the boundary? If h is the
distance between these dislocations in the wall, one can con-
sider the boundary as a single defect producing the local
rotation field. The misorientation angl® due to such a FIG. 2. Splitting of Laue spots resulting from grouping of a number of
boundary is defined by the equatibrh=2 sin@®/2), where individual GNDs into a single GNB: simulated intensity distributions and
b/h~@® for small angle boundaries. contour maps i_rf—v plane for white beam Laue scattering by a cryst_al with

To characterize this model quantiatvely, we define thef,(S0CSLen NErcn song U sndy (2 aes o hazza efecter
average size of the celd, between the two neighboring side the fragments is constanSize of the crystal. =2500d: (a) crystal
GNBs and write the number of walls per unit length aswith random individual GNDsp* =10"?cm™2 (K< 1) and(b) two separate
1/D*. The total density of unpaired dislocations grouped instreaks due to the formation of random GNBs=4x 10" cm 2 and one
the walls is denoted by*=1/D*h. The mean deformation GNB (K=1):
tensor results in pure rotations about the direction of dislo-
cation lines in the wall. This tensor depends on the type and
misorientation angles of each GNB and their density.

Near a Laue spot, we can define two natural akesd  occurs between the two fragmeritells). This reduces the
v é=(7Xg)/(|7Xg|), and v=(£xQ)/(|¢Xg|) perpen- density of random individual dislocations inside each frag-
dicular to the momentum transfer unit vectpiAs in Ref. 12 ment to n*=2x10" cm 2. The intensity distribution
with this coordinate system, the diffuse scattering is stronglithanges as shown in the flat-top intensity distribution along
elongated in the direction. The full width at half maximum  the ¢ axis. Further grouping into the wall results in splitting
in the & direction, FWHM«(L@/D*)f(?th|), depends on of the reflection into two separate stredksg. 2(b)]. This
the average distance between GNBs, their mutual orientatiosplitting is observed when density of random GNDs reduces
with the momentum transfe®, the type of GNB(tilt or ton*=4x10°cm 2 and®~2.12.
twist), and the incident x-ray beam direction. In To understand this splitting, let us assume that along the
the second transverse directionw, the FWHM, penetration depti. the x-ray beam intersects several frag-
x@®\L/De(7Gyy) depends on the total number of bound- ments with average sizB ™ separated with GNBs. Each
aries per unit lengttb/D and usually FWHM<FWHM,. fragment contributes to the diffraction. The number of such
Heref(7Gy,) ande(7Gy,) are orientation factors for thg  contributions is equal th/D*. Each GNB produces an av-
and v axes,L is the penetration depth, amlis the distance ©€rage misorientatiol®. The average distance between the
between any boundarfpoth GNDs and incidental disloca- Laue maximums formed by two adjacent fragmentsiis
tion boundaries(IDBs)]. Correlations in the positions of = (Q/ko)®. If this distance exceeds the average FWHM
GNBs may change the value of the orientation factor. Along0f the Laue image for each fragment along thaxis, split-
the direction of dislocation lines within the wall, the width of ting of the Laue spot will occur. For a hierarchy structure
the reciprocal space intensity distribution is of the orderwith GNBs and GNDs, the following criterion can be used:
5q, ~ 2wl/L,, whereL, is the size of the crystal or a K=(®Q/koFWHMg). If K<1, the intensity distribution of
subgrain in the direction of the dislocation line. a white beam reflection is continuousKf>1 this reflection

We simulated the intensity of scattering by crystals withis split into separate spots. Scattering from GNDs contributes
two model fragments as shown in Fig. 2. Each fragment hato the FWHM,.
a size of 2500 interatomic spacing. The total value of un-  Unpaired individual and boundary dislocations influence
paired dislocations was kept constant. A total density of inLaue scattering differently. Both unpaired GNBs and indi-
dividual unpaired dislocatiom™ =10 cm 2 was chosen vidual GNDs result in a total macroscopic lattice rotation of
typical of highly deformed crystals. To initiate the simulation the crystal and cause streaking. Due to local strains, how-
we randomly distributed all dislocations. The contour mapever, individual GNDs influence the length of the streak
has a huge broadening along thexis with a typical “flat- more than the same number of dislocations in a boundary.
top” shape[Fig. 2(@)]. As dislocations are removed from the Moreover, the FWHM, in the narrow direction of the streak,
fragments and added to a common GNB, a correlated migs most strongly influenced by individual GNDs and can pos-
orientation develops between the two parts of the crystal. Fasibly be used to separate boundary dislocations from the ones
distance between dislocations inside the wall of approxiinside the fragment. The FWHMdepends on the density of
mately 21 interatomic spacings, a rotation of ab®u#t2° GNDs and on the experimental resolution function. For
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ment had a different orientation and density of GNDs. These
fragmentgcells) had different sizes along the beam and were
rotated relative to each other by GNBs. These were used as
fitting parameters during the simulation.

In summary, we have developed a method for calculating
the white-beam Laue diffraction pattern from simple disloca-
tion distributions in a crystal. This approach can be used to
estimate the type, orientation, and density distribution of in-
dividual GNDs and GNBs in deformed materials.
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