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Abstract 

Aluminum-silicon (Al-Si) alloys of high silicon contents are composite materials; they are used 

whenever high casting properties are required.  They are slightly ductile below 8wt%Si. An increase 

in ductility can be obtained by refining Si-crystals in elaboration or by a further hot working. In the 

present work, an Al-7wt%Si alloy was processed by Equal Channel Angular Extrusion (ECAE) at 

temperatures 20°C and 160°C up to three passes. The die was formed by two cylindrical channels 

intersecting at an angle  = 110° without curvature at the outer corner (=0). EBSD observations, X 

ray diffraction (XRD) and Strain Rate Sensitivity (SRS) were used to characterize the microstructure 

and the mechanical properties. The activation volume of deformation is decreased by ECAE and a 

high level of strain was introduced at both temperatures. The remaining dislocation densities 

calculated from EBSD, XRD and SRS experiments are quite different. This was explained by the 

sensitivities of the methods to the free surface effect. 
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1. Introduction  

Aluminum-Silicon alloys are widely used in casting [1]. Without copper alloying, they exhibit 

a medium strength but a good corrosion resistance. They are used whenever excellent castability is 

preferred to good mechanical properties like in complex shaped molds. In fact, silicon allows a high 

fluidity and a low shrinkage in solidification which are the main properties considered in castings. 
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Even though the maximum casting properties are obtained at the eutectic composition, they become 

suitable since 7wt% Si 2. Furthermore, silicon has a low density which is an advantage in reducing 

the weight of the alloy. The high hardness of silicon particles is exploited for wear resistance [3].  

As cast, the microstructure is formed by dendrites of a FCC solid solution and eutectic zones 

(for convenience, solid solution will be designated shortly by aluminum below). The eutectic silicon 

is virtually pure silicon which crystals have complex shapes and most of them are three dimensionally 

linked; this promotes crack propagation along these crystals and brittleness 4, 5. The ductility can 

be improved by refining silicon crystals through the introduction of nucleation promoters like Na, P, 

Bi in liquid or by the high cooling speed in metallic molds. In alloys below 8% Si, the aluminum 

dendrites dominate and the mechanical properties are affected by the cell sizes and the dendrite arm 

spacing. For this reason, refinement of the aluminum grains in such alloys has taken only a weak 

importance [6]. 

ECAE has been widely used for microstructure refinement of metals by introducing high 

amount of plastic deformation [7, 8]. An idealized description of the procedure assumes that 

deformation consists in pure shearing [9]. ECAE was limited roughly to ductile alloys mainly single 

phased ones; in precipitation hardened alloys, it was shown to fracture large precipitates like - Al2Cu 

in Al-Cu-Mg alloys 10. For casting alloys, ECAE was rarely applied because of a dramatic 

brittleness [4, 6 ]. Previous works [3] have shown that matrix grains in Al-7wt% Si alloy can be 

refined up to 200nm by ECAE whereas silicon crystal size can be lowered up to 1-2 µm. The 

refinement seems to be more pronounced than that in pure Al-Si solid solution or in dilute Al-alloys 

[4]. At high temperatures, ECAE leads to coarser grain sizes with relatively low strain levels [11-13]. 

The mechanical property investigations of casting alloys were mostly limited to conventional 

tests [6]. However, the elementary deformation mechanisms, mainly those relative to activation 

volume, have not been very attractive. In the present work, the effects of ECAE on the microstructure 

and on the mechanical properties of a casting Al-7wt%Si were investigated. We focused on the 

quantification of the dislocation density introduced using XRD, EBSD and SRS techniques. We will 

summarize below the theoretical backgrounds considered for this purpose. 

The presence of a high dislocation density leads to a local lattice strain affecting the peak shape 

in diffraction experiments [14]. The peak profile can be fitted by a pseudo-Voigt function which has 

been widely used in structural refinements [15], which is a convolution of the size (Cauchy) and strain 

(Gaussian) components. The breadths of each component are given by [16, 17]: 



𝛽𝐷 =  
𝜆

𝐷𝑐𝑜𝑠𝜃
  (1a) 

𝛽 = 2𝜉 𝑡𝑎𝑛𝜃  (1b) 

Where  is the radiation wavelength,  is the diffraction angle, D is the crystallite size and  is the 

root mean square (rms) strain. An average value of the dislocation density X can be calculated by 

using the equation 18: 

X = 
2√3

𝐷.𝑏
    (2) 

where b is the magnitude of the Burgers vector of dislocations. 

Dislocations can be classified in two categories: The Statistically Stored Dislocations (SSDs) 

which do not create long range lattice deformation (the sum of their Burgers Vector is zero) 19 and 

the Geometrically Necessary Dislocations (GNDs) which allow the accommodation of the lattice 

curvature 20, 21. If the Stacking Fault Energy (SFE) is sufficiently high, like in Al or Ni alloys, the 

GNDs are able to change their slip plane so that three-dimensional (3D) configurations are obtained; 

among others, high angle boundaries with high dislocation densities are obtained 22. The relatively 

recent imaging techniques based on the local perturbations of diffraction patterns are powerful tools 

for the microstructure investigations. Thus, EBSD in Scanning Electron Microscopy (SEM) and 

orientation imaging ASTAR in Transmission Electron Microscopy (TEM) are commonly used for 

grain structure investigations [6, 23 – 25]. In both cases, the diffraction pattern can be calculated pixel 

by pixel revealing very locally changes in orientation. In EBSD, the GND density GND at each 

measurement point can be calculated from an averaging of the local disorientation ij over the 

neighboring pixels j located at a fixed distance from the considered pixel i. The GND density is given 

by [26-30]: 

𝜌𝐺𝑁𝐷 =
𝛼<𝜃𝑖𝑗>

𝑏.𝑥
  (3) 

Where  is a constant which depends on the nature of dislocations edge or screw, a value 𝛼 = 3 was 

proposed 31; < 𝜃𝑖𝑗 > is the average value of 𝜃𝑖𝑗 , b is the magnitude of the Burgers vector of 

dislocations and x is the distance along which < 𝜃𝑖𝑗 >  is calculated. If the calculations take into 

account the peripheral pixels of the kernel, < 𝜃𝑖𝑗 > represents the Kernel Average Misorientation 

angle (KAM) proposed by all EBSD data processing software packages; equation (3) is then replaced 

by: 



 𝜌𝐺𝑁𝐷 =  𝛼
𝐾𝐴𝑀

𝑏.𝑅
  (4) 

 KAM values are given by the EBSD software and R is the kernel size taking into account the neighbor 

order considered in the KAM mapping. 

When the microstructure scale is reduced to few hundreds of nanometers, which is the case in 

severely deformed alloys, the deformation thermodynamics is affected so that a dependence of the 

flow stress on the strain rate can be observed. The strain rate sensitivity (SRS) parameter m is given 

by: 

𝑚 =
𝑑 ln 𝜎

𝑑 ln 𝜀̇
 (5) 

 where  is the flow stress and 𝜀̇ is the strain rate. In thermal activation analysis, the physical 

parameter directly related to the SRS is the activation volume V*; it means the unit volume of the 

crystal directly affected by dislocation movements 32 or the region swept by a dislocation and can 

be expressed by [33,34] 

𝑉∗ = −
𝜕∆𝐺

𝜕𝜏∗ = 𝑘𝐵𝑇 (
𝜕 ln

𝛾̇

𝛾̇0

𝜕𝜏∗
)

𝑇,𝐺,𝑆

  (6) 

where G is the free enthalpy variation, 𝛾̇ is the shear strain rate, * =  - G, is the shear stress 

responsible of dislocation motion, 𝜏 is the applied shear stress (experimental), 𝜏𝐺  is the athermal 

component due to the intrinsic resistance of the lattice to flow, kB is the Boltzmann constant and T is 

the temperature. Only * is strain rate dependent. Writing that  𝛾̇/𝛾̇0 = ̇ /̇𝑜 and * = M.*, equation 

(6) becomes:  

𝑉∗ = 𝑀𝑘𝐵𝑇 (
𝜕 ln

𝜀̇

𝜀̇0

𝜕𝜎∗
)

𝑇,𝐺,𝑆

  (7) 

M is the Taylor factor linking the stress in polycrystalline materials to the shear stress. A value M≃3 

is generally adopted both in coarse-grained and fine-grained materials [33]. Since ̇
0
 and then 𝜀0̇ are 

not accessible, an apparent activation volume is rather adopted; it is defined by: 

𝑉𝑎𝑝𝑝
∗ = 𝑀 𝑘𝐵𝑇 (

𝜕 ln 𝜀̇

𝜕𝜎∗ )
𝑇,𝐺,𝑆

  (8) 

and for macroscopic variations, equation (8) can be replaced by: 



𝑉𝑎𝑝𝑝
∗ = 𝑀 𝑘𝐵𝑇 (

Δ ln 𝜀̇

Δ𝜎∗ )
𝑇,𝐺,𝑆

  (9) 

Δ𝜎∗  is related to the experimental stress variation Δ𝜎 by * =  (1+K/Y), with K ≃  = d/d 

with is the strain hardening and Y is the modulus of specimen-machine assembly 34.  

When the obstacles to slip are mainly the forest dislocations, V* =b.sp.l* where λsp is the 

average effective barrier width, sp ≃ b [35, 36], l* is the average dislocation spacing which can be 

expressed by l* = -1/2 [35]. Thus, the total dislocation density can be expressed by: 

ρ = (
V∗

b2)
−2

  (10) 

2. Material and Methods 

The alloy of the present investigation is an Al-7wt%Si alloy. An ingot was prepared by melting 

together weighed quantities of pure aluminum and an Al-13wt%Si master alloy. To reduce porosity 

after solidification, small quantities of tin (Sn) and antimony (Sb) were added but the Si/(Al+Si) ratio 

was fixed to 7wt%. The alloy composition is given in table 1; it was fixed in elaboration and verified 

by X Ray Fluorescence (XRF). Owing to their higher densities (7.28 g/cm3 for Sn and 6.67 g/cm3 for 

Sb) as compared to that of Al (2.70 g/cm3) and silicon (2.34 g/cm3), their volume fraction in the alloy 

remains very small. The alloy was melt in crucible furnace and cast in steel mold. For ECAE, 

cylindrical specimens of 10mm diameter and 70mm height were wire-machined. ECAE experiments 

were performed via route A [37] at temperatures of 20°C and 160°C. The die was machined from tool 

steel. The channels intersect according to the angles Φ = 110° and =0° 38; this geometry leads 

to an equivalent strain after each number of passes through the die N = 0.7N [ 39]. For the high 

temperature experiments, the specimen is kept for one minute in the channel before deformation to 

reach the chosen temperature. Specimens for EBSD were cut from the central part of the extruded 

specimens; they were mechanically polished up to 1 µm diamond powder then super-finished with 

50 nm colloidal silica suspension. The observations were performed on X and Y planes [37].  

Si Sn Sb Al 

 6.8 2.7 0.4 90.1 

Table 1: Alloy composition (wt%) 

 SEM and EBSD observations were performed using a JEOL JSM 7600F SE microscope 

equiped with the EBSD TSL EDAX OIM system. The grains were analyzed directly from the OIM 

images using pixel-to-pixel measurements. A critical misorientation angle of 15° was considered to 

differentiate low-angle grain boundaries (LAGBs) from high-angle grain boundaries (HAGBs). 



In the present study, the KAM was explored to calculate the dislocation density GND by using 

equation (4). It has been shown 40 that for phase quantification, the optimum kernel size is close to 

the sub-structure size. In the present investigation, silicon crystals in eutectic zones are close to 5 µm 

and the space between them is of the same order. The step used for recording the KAM images was 

1.5 µm for large images and 100 nm for close-up images of regions around the rigid Si grains. The 

KAM images were recorded using the 3rd neighbor, which corresponds to a kernel size of 4.5 µm and 

0.3 nm respectively.  

X Ray Diffraction (XRD) experiments were focused on the calculations of the dislocation 

density after ECAP. Diffraction patterns were recorded on the X plane at room temperature using a 

Bruker D8 diffractometer in the theta/theta mode and using Cu(K) radiation. The step size was 

0.015° in theta and the counting time was 2s. Each peak was fitted by a pseudo-Voigt function. After 

subtracting the K2 and instrument contributions, the extracted components i.e. the Cauchy (c) and 

Gaussian (G) integral breadths were used to calculate the coherency length D and the rms-strain by 

using equations (1). It should be noted that the (200) peak is partially screened by a silicon peak and 

it was not taken into account.  The same specimens were used in XRD and EBSD experiments so a 

comparison between the results obtained by the two methods is possible. 

Strain rate jump tests in compression were performed at room temperature on cylindrical 

specimens of 12 mm height and 10mm diameter machined in the ECAE direction. Tests were 

performed using Tinius Olsen machine 50 KS piloted with Qmat software. Strain rates used ranged 

between 3.10-5 and 10-2 s-1. The machine stiffness is first measured by recording force-displacement 

during platen to platen contact experiment. In order to minimize the friction effect, the contact 

surfaces of the specimens were coated with a lubricant containing colloidal MoS2 suspension.  

3. Results  

Figure 1 shows the IPF of the alloy before ECAE. The microstructure after casting is formed 

by Al-dendrites and eutectic zones (Fig 1a). Many orientations can be revealed even in the same 

dendrite. The selected zone was highlighted by various imaging techniques in figure 1a-f. An 

intergranular region was repaired to check the complementarity of the various imaging techniques. 

BSE image (Fig. 1b) and silicon EDX cartography (Fig. 1c) show that most of silicon is located in 

the interdendritic zones, i.e. the eutectic zone. The eutectic fraction, as determined using the straight-

line method, is close to 50%, which is consistent with the silicon content in the alloy. Since both Al 

and Si lattices are cubic (FCC and Diamond Cubic respectively), their IPF are recorded 



simultaneously and the microstructure of silicon should merge with that of aluminum. However, 

reliable methods have been developed to identify phases of the same crystallography such as image 

quality (IQ) [41-46], since it is based on the degree of lattice imperfection. In the present case, it is 

easy to separate metallic zones exhibiting high dislocation density (- aluminum) from brittle silicon. 

The IPF, IQ and KAM images (Fig 1d-f) show that silicon exhibits a granular structure close to 10 

µm in size. These figures show also that the starting grain size of aluminum after casting is close to 

100 µm. As it was presented above, KAM values are closely related to GND density. The color code 

used in Figure 1f shows that silicon grains are free of dislocations (blue color) whereas aluminum 

grains contain a relatively high dislocation density (green-yellow).  

 

Figure 1 (a): Microstructure of the as cast Al-7wt%Si alloy: Inverse pole figure (IPF) [001]. 

(b-f): Magnifications of the selected zone. (b) BSE image; (c) Silicon cartography (Si Kα); (d) 

IPF [001]; (e) IQ image; (f) KAM image.  Color codes used in IPF, IQ and KAM mapping are 

given. 

The IQ image of Figure 1e confirms the lower coherence of metallic grains (yellow) as compared to 

silicon ones in the intergranular region (red-brown). 



Figure 2 presents the IPF and KAM images of the alloy deformed for N=3 at 20°C and 160°C 

recorded on the X plane. Many selections were made to link the microstructures obtained by the 

various imaging techniques. Rectangles show eutectic colonies while ellipses and star-shaped 

symbols present aluminum grains. The grain boundaries are well revealed. In specimen deformed at 

20 °C, an elongation of aluminum grains is observed so that the pre-existing grain boundaries cannot 

be clearly revealed (Fig. 2a). When ECAE is realized at 160 °C, the aluminum grains remain almost 

equiaxe (Fig. 2d). At two temperatures, silicon crystals seem to have the same shape and size (15 µm) 

as before ECAE. From the color codes of the KAM images, converted to GND densities using 

equation 4, we note that a high dislocation density exists solely within aluminum grains whereas 

silicon crystals appear to be free of dislocations (Fig 2b and e). The magnifications c and f show that 

a high GND density is stored when ECAE is performed at 20°C. The images recorded on the Y plane 

for N=3 at 20°C (Fig 3) show a clearer elongation of the aluminum grains. 

IPF and KAM images of a eutectic zone are given in figure 4 for samples after ECAE (N=3) at 

both temperatures. IPF show that aluminum grains are strongly compressed around a large silicon 

crystal (arrowed area, figure 4a); this causes a splitting of the latter (double arrows). In KAM (Fig. 

4c), blue zones (KAM=0°-1° of misalignment between neighbors) are mainly relative to undeformed 

phase (silicon) since it is expected to be free of dislocations. At 160°C, the compression of aluminum 

grains is less pronounced indicating an easier flow (Fig. 4b and d). 

To understand the changes in the microstructure observed after ECAE, XRD and SRS in 

compression experiments were also performed. The evolution of the line profile of the normalized 

(111) peak relative to aluminum-matrix is shown in figure 5. We note that the experimental points 

are well fitted by a pseudo-Voigt function. A broadening of the peaks is observed at both temperatures 

but it is more pronounced at 20 °C. XRD experiments were focused on the calculations of dislocation 

density X after ECAE. In such alloy of high stacking fault energy, the broadening of the XRD peaks 

(Fig. 5) is due to a reduction in the crystallite size D and to an increase in the root mean square strain 

. D and   were calculated from the broadening of several peaks by using equations (1). The average 

values of D and   were used to calculate X by using equation (2). Figure 6 shows the evolution of 

D and  against the number of passes N. A decrease in D and an increase in  are observed since the 

first pass through the die. 



 

 Figure 2: Microstructures of the as cast Al-7wt%Si alloy after ECAE for N = 3 at 20°C (a-c) 

and 160°C (d-f). (a, d): IPF (same color codes as figure 1); (b, e): the corresponding GND 

dislocation density mapping as calculated from KAM images (c, d), equation (4); Ellipses and 

asterisks denote aluminum; rectangles denote eutectic zones. (c) and (f): Magnifications of (b) 

and (e) respectively. 

 



 

Figure 3: Microstructure of the as cast Al-7wt%Si alloy after ECAE for N = 3 at 20°C recorded on 

the Y plane. (a): BSE image, (b): IPF image and (c): KAM image. Same color codes as in figure 1. 

 

Figure 4: Aluminum grain morphology in the Al-7wt%Si alloy in the vicinity of silicon crystals 

after ECAE (N=3) at temperatures 20°C and 160°C. (a, c): IPF images (same color codes as 

figure 1); (b, d): GND dislocation density mapping as calculated from KAM images (equation 

(4).  



 

Figure 5: Profiles of the (111) aluminum peak in the as cast Al-7wt%Si alloy before and after 

ECAE at temperatures 20°C and 160°C fitted by pseudo-Voight functions (normalized 

intensities). 

 

Figure 6: Crystallite size D (circles) and rms strain   (squares) of the as cast Al-7wt%Si alloy 

after ECAE at temperatures 20°C (open marks) and 160°C (full marks). 

 



SRJ curves in compression are given Figure 7. We note that the flow stress is increased by 

ECAE since the first pass, indicating a whole strengthening of the material. Figure 8 shows the 0.2% 

flow stress as a function of number of passes. At 20 °C, a saturation value is achieved since the first 

pass through the die whereas at 160 °C an increase is observed up to N=3. The curves of figure 7 

show also that in deformed alloys, the flow stress is more sensitive to strain rate. 

 

Figure 7: Strain rate jump curves in compression of the as cast Al-7wt%Si alloy before and 

after ECAE at temperatures 20°C and 160°C. Plastic part of the ECAE processed specimens 

was magnified. Note the scale difference on the stress axis in the magnification of (b). 

 

Figure 8: Effects of ECAE at 20°C and 160°C on the 0.2% flow stress of the as cast Al-7wt%Si 

alloy. 



4. Discussion  

The GND densities in the Al grains were calculated from the KAM mapping. For this purpose, 

the eutectic colonies and Si grains were excluded from the images and an average value was computed 

by taking into account the remaining misorientation fractions within aluminum grains. The calculated 

values are given in table 2. On the close-up images of the eutectic zones, the mean values obtained in 

the aluminum part were rather 6.1 1014m-2 and 4.3 1014m-2 at 20°C and 160°C respectively; slightly 

higher than those of the aluminum grains. Since the whole plastic deformation is devoted to 

aluminum, the difference between the values arises from an eventual dislocation pile-up in the vicinity 

of the rigid silicon crystals. Also, the smaller fraction of the Al volume in the eutectic zone as 

compared with that in the pro-eutectic region, with sensibly higher proportion of grain boundaries, is 

conductive to a higher dislocation density.  

A decrease in D and an increase in  are observed after ECAE at both temperatures (figure 6). 

Furthermore, the difference between D values at two temperatures for N=3 is close to 14% whereas 

the difference between  is close to 50%; that means that a slight relaxation occurred at high 

temperature without a significant increase in crystallite size. The values of the dislocation density  

obtained are given in table 2.  

The increase in the 0.2% flow stress 0.2when ECAE is performed at 160 °C (Fig. 7, 8) indicates 

a continuous storage of deformation at this temperature; this is due to a simultaneous recovery of the 

microstructure. Furthermore, the lower values of 0.2 are accompanied by a significant strain 

hardening mainly for N=1 and N=2 (the slopes of plastic part of the curves in figure 7b are higher). 

The sensitivity of the flow stress to the strain rate after ECAE (Fig. 7) indicates that the activation 

volume of deformation has accessible values. An apparent activation volume after each number of 

passes was calculated by using equation (9). In the present case, for N=0, K/Y was calculated to be 

0.038 so that ≃*. The value of  at a given strain rate was determined from the intercept of the 

extrapolation lines of the considered part and the elastic part of the curve. The apparent activation 

volume V* normalized to b3 are plotted in figure 9 as a function of N. At both temperatures, 

measurable values of V* were obtained since N=1. For N=3, the reached values are 125 b3 and 210 b3 

at 20 °C and 160 °C respectively.  



 

Figure 9: Normalized apparent activation volume in the as cast Al-7wt%Si alloy after ECAE 

at temperatures 20°C and 160°C.  

The dislocation density as calculated from different experiments is given in table 2.  

ECAE temperature Number of passes N KAM: 

 ρGND =  α
KAM

bx
 

XRD: ρx =
2√3ξ

D.b
 SRS: ρ = (

V∗

b2)
−2

 

20°C 1 0.8 2 2.9 

3 0.8 1.9 7.5 (2.3 for N=2) 

160°C 1 0.8 0.7 1.1 

3 0.7 0.7 2.6 (1 for N=2) 

Table 2: Dislocation densities obtained from XRD, EBSD and SRS experiments (x 1014m-2). 

The figures of table 2 show that, saturation values of  are obtained since N=1.  The values 

obtained from SRS are in good agreement with the value 4.5 1014m-2 obtained by Cardoso et al. [6] 

from mechanical tests in as cast Al-10 wt% Si after ECAE at room temperature. Physically, a direct 

comparison of the values obtained from different experiments is quite subjective since the three 

methods suffer from many limitations: GND is calculated from KAM, depending on the Kernel radius 

chosen i.e. the scale of orientation variations. Furthermore, the estimation of the dislocation density 



in EBSD is sensitive to the noise and the method is able to estimate only a part of the noise, which 

may result in too much high values of GND. On the other hand, regarding the step size (or the kernel 

size) used in this study, the GND should correspond to misorientations quantified within sub-

boundaries. The dislocation densities obtained from XRD aluminum peaks or SRS represent an 

average between the eutectic and the aluminum zones. Here, GND contribute by a high proportion in 

peak profiles or in the mechanical response but the wide area explored simultaneously in both 

methods leads rather to an average value. 

Even though all the values are of the same order of magnitude, it is clear that GND <X < SRS; 

this can be explained by the sensitivity of each techniques on the surface effects. In fact, dislocation 

dynamics simulations show that there is a relaxation of the dislocation structure near the free surface 

of the specimen that extends approximately 65nm into the specimen [47]. Thus, EBSD which 

information volume extends only 10-20nm into the specimen [48-51], is more sensitive to the surface 

relaxation than XRD where the explored thickness reaches several microns [47]. On the other hand, 

when carefully smoothed, EBSD can distinguish between cells and random dislocations whereas 

XRD provides only an average value of . The effects on the mechanical properties can be neglected 

regarding the much higher volume investigated.  

Conclusion 

Al-Si alloys of high Si content are widely used in casting. Without additions, the coarse silicon 

crystals lead to poor mechanical properties. Many attempts have been made to refine the 

microstructure by mechanical working. In the present work, the microstructure and the mechanical 

properties of a casting Al-7wt%Si alloy after ECAE were investigated by using EBSD imaging, XRD 

and SRS experiments. ECAE was performed at 20 °C and 160 °C up to three passes. The 

microstructure is formed by aluminum solid solution and eutectic colonies in the grain boundaries. 

IPF images of Al matrix and Si crystals were recorded simultaneously due to the same cubic lattice 

but they were differentiated in IQ images. Plastic flow occurs in both pro-eutectic and eutectic 

aluminum. ECAE leads to a significant reduction in crystallite size and in the activation volume of 

deformation at two temperatures. Dislocation density  calculated from KAM, XRD and SRS 

experiments revealed a partial recovery at 160 °C. EBSD imaging shows that the dislocations 

concentrate counter the silicon crystals. The values of  are significantly different: EBSD <X < SRS. 

This has been explained by the sensitivity to the near surface relaxation of the material which is higher 

in EBSD. Furthermore, KAM imaging presents the big advantage of providing the spatial distribution 

of dislocations. 
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