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Abstract
Ion channeling is a powerful quantitative technique for studying ion-irradiation induced 

defect evolution in single crystalline materials. An iterative procedure to determine 
dechanneling yields has been developed for decades, serving as a major method for analyzing 
experimental channeling data. The applicability of such procedure is, however, generally 
limited to the crystalline damage with only point defects and local amorphous domains. For 
the other cases, such as irradiated metals, the assumption of direct-backscattering free has 
usually been made. In the present study, Ni, TiAl, MgO, and SrTiO3 single crystals are 
selected as four model materials, representing metals, intermetallic alloys, and ceramic 
compounds with different defect evolution process under irradiation, to investigate the 
fidelity of applying dechanneling analysis on various types of defects. The pure dechanneling 
assumption is shown oversimplified in Ni irradiated with low fluence self-ions and may result 
in error on derived damage profile. Moreover, the iterative procedure of dechanneling 
analysis is shown valid for more general situations than the randomly distributed atoms, 
including those not exhibiting a peak in channeling spectra. The disappearance of damage 
peak is attributed to combined effects of small (but non-zero) scattering factor, long-range 
damage effects, and non-ignorable damage level in pristine crystals. Furthermore, the ratio of 
direct backscattering to dechanneling areas provides information on defect configurations in 
the materials containing a well-defined damage peak in channeling spectra. The contribution 
from dechanneling sources increases from SrTiO3, TiAl, to MgO, according to the derived 
scattering and dechanneling factors.
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1. Introduction

Characterizing and understanding ion-irradiation induced defect production and 

accumulation in materials are important in material science, semiconductor engineering, and 

nuclear energy applications.[1-3] Among various types of characterization techniques, 

Rutherford backscattering spectrometry in its channeling mode (RBS/C, or ion channeling) 

has been broadly used as a non-destructive, depth-resolved, mass-resolved, and quantitative 

technique for detecting defects and disorders in single-crystalline materials.[4, 5] The 

advantage on its application is further highlighted as its detection depth, usually sub-micron, 

is well comparable with typical ion-irradiation induced damage range. 

In spite of these significant merits, direct quantitative analysis of ion channeling spectra 

is in general not straightforward resulting from the complex interactions between incident 

probe ions and the lattice imperfections: 1) some channeled ions can be directly backscattered 

by the displaced atoms, and 2) some channeled ions can be slightly deflected into a 

non-channeled direction, behaving as a beam in random directions (so-called 

dechanneling).[4] For the analysis purpose, normalized RBS yield of a damaged sample, χD, 

can be treated as composed of two fractions: 1) dechanneling yield, χR, resulting from the 

dechanneled (random) fraction of the beam, and 2) yield from the channeled beam directly 

backscattered by the defects. This mechanism can be mathematically expressed as follows,

, (1)( ) ( ) [1 ( )] ( )D R R Dz z z fN z    

, (2)0
( ) ( ) [1 ( )][1 exp( ( ') ')]

z

R V V D Dz z z N z dz       
where V is the pristine level, ND is the relative defect density, and z is the thickness of the 

damage layer from the sample surface. The defect scattering factor, f, and dechanneling 

factor, D, depend on the parameters of material lattice, defects (configuration, size, etc.), and 

probe beam (energy, incident direction, etc). These two factors are usually unknown for 

regular experiments and need pre-assumptions input. 

The above two equations have been considered difficult to be deconvoluted, except in 

two extreme conditions. The first case is for dislocation lines, in which f = 0 (pure 

dechanneling), and the dislocation density can be directly extracted by
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The second case is for randomly displaced atoms, in which f = 1, and Eq. (1) is then 

simplified into

. (4)( ) ( ) [1 ( )] ( )D R R Dz z z N z    

In this case, Eqs. (4) and (2) together can then be solved using a well-developed Iteration 

Procedure (IP), in which D is a tuning parameter and determined when the χR curve overlaps 

with χD at the depth after which the defect density is assumed zero. The detailed numerical 

process has been provided in several literatures, such as Ref. [6] and [7], and will not be 

repeated here. The IP mentioned in the following text is referred to this established process.

When encountering more general cases (0 < f < 1), e.g. for materials containing small 

dislocation loops, stacking fault tetrahedra (SFT), or mixed defects, majority of previous 

studies have made assumptions that ignore the defect complexity (e.g., assuming pure 

dechanneling in irradiated metals [4, 8-10]). In the recent years, atomic simulations have been 

developed to simulate the channeling spectra containing multiple and complex types of 

defects.[11-14] However, in addition to high computing cost, such simulations usually need 

pre-input of detailed defect information, e.g., configurations and density for each specific 

case, which are either from assumptions or microscopic observations in advance. 

In the present study, the fidelity of applying IP on various types of defects is 

investigated. Self-ion irradiated Ni is selected to examine the applicability of “pure 

dechanneling” assumption in metals. Moreover, the validity of the IP on the materials 

containing extended defects is demonstrated, and the origins of the disappearance of damage 

peaks in channeling spectra are discussed. Furthermore, dechanneling analyses are performed 

in ion irradiated MgO, SrTiO3, and TiAl, as representatives for radiation resistant ceramics, 

radiation sensitive ceramics, and radiation sensitive alloys (intermetallics), respectively. In 

addition to the conventional damage accumulation analysis, different defect scattering and 

dechanneling factors are observed in these materials, revealing information on different types 

of defect configurations. 
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2. Experimental 

Four model single crystalline materials, pure Ni, SrTiO3, MgO, and TiAl were selected to 

study the ion irradiation induced damage using the ion channeling technique. They were 

irradiated with 1.5 MeV Ni, 900 keV Au, 1 MeV Au, and 900 keV Ti ions, respectively, 

using the tandem accelerator at the Ion Beam Materials Laboratory located at the University 

of Tennessee.[15] All irradiations were performed at room temperature, in directions a few 

degrees off surface normal to avoid channeling irradiations. The displacement profiles were 

simulated using the Stopping and Range of Ions (SRIM) code, in full-cascade mode for the 

two Au-irradiated ceramics and in the Kinchin-Pease (K-P) mode for self-ion irradiated Ni 

and TiAl. The threshold displacement energies (Ed) were assumed as follows: 40 eV for 

Ni,[16] 55 eV for both Mg and O atoms in MgO,[13, 17] 80, 70, and 45 eV for Sr, Ti, and O 

atoms in SrTiO3, respectively,[15] and 28 and 34 eV for Ti and Al atoms in TiAl, 

respectively.[18] Under such assumptions, the peak irradiation dose was 0.13 displacements 

per atom (dpa) for Ni. The peak dose ranges in SrTiO3, MgO, and TiAl were 0.13-0.32, 

0.17-0.69, and 0.29-1.2 dpa, respectively. The peak dose rates for all the four materials were 

within the range of 0.6-2×10-3 dpa/s. The ion channeling analyses were performed using 3.5 

MeV He ions as the probe beam for analyzing Ni, SrTiO3, and TiAl, while 3 MeV He ions 

were used for MgO. A silicon detector was located at the scattering angle of 155° from the 

incoming beam.[15] Furthermore, cross-sectional transmission electron microscopy (TEM) 

was utilized to examine the depth dependence of damage produced in a Ni sample irradiated 

with 1.33 MeV Mn ions at room temperature to the peak dose of 0.05 dpa. 

3. Results and Discussions

3.1. Examination of the pure dechanneling assumption in irradiated metals

While the point defect assumption (f = 1) has been mostly used in the cases of ceramics, 

the “pure dechanneling” assumption (f = 0) has been commonly made when studying 

irradiated metals from the early years till present. A number of these studies have directly 

used Eq. 3;[8, 9, 16] the others have used a further simplified model that, since the defect 

density is approximately proportional to the “slope” of χD, the end of damage should appear 
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at the “knee” point after which the slope decreases and becomes closer to the pristine 

level.[10, 19-22] This assumption for irradiated metals is made considering the fact that, in 

common metals irradiated with ions at the energy range of hundreds of keV to a few MeV, 

both point defects and amorphous region are hardly formed at room temperatures and above, 

extended defects grow into dislocation loops with increasing fluence, and dislocation 

networks may form after high fluence irradiations.[2] The pure dechanneling assumption in 

irradiated metals has also been compared with either the simulated depth distribution of 

displacements (e.g. by SRIM) or the measured implanted ion profiles,[4, 16] and the major 

trend of damage accumulation is confirmed or in agreement to a certain extent.

Nonetheless, small dislocation loops and SFT with sizes less than a few nanometers (e.g. 

the black-dot defects in TEM observations) are also formed in irradiated metals, and are 

dominant when the irradiation is in the low and medium dose regime.[23-25] Even for high 

dose irradiated pure metals (e.g. Cu), ion channeling studies have observed the defect nature 

of “interstitial atoms” based on an energy dependent study,[20] although the damage range 

was also determined by the “knee” point in that study. The scattering of incident ions by 

these small defect clusters are different from that by dislocation lines, and the direct 

backscattering may no longer be negligible.[4] In these cases, the use of pure dechanneling 

assumption becomes questionable. 

One example is for pure Ni irradiated with 1.5 MeV Ni ions at room temperature. Fig. 1a 

shows the channeling spectrum at the irradiation fluence of 1×1014 cm-2, corresponding to the 

dose of ~0.3 dpa at the damage peak at ~ 400 nm. The “knee” point is marked by the cross of 

the line fittings, which should indicate the “end” of damage if assuming the pure 

dechanneling assumption analysis is valid. The dechanneling parameter profile derived from 

Eq. 3 is shown in Fig. 1b as the solid red line, which should be proportional to the defect 

density profile under the pure dechanneling assumption. The end of damage in this curve is 

close to the “knee” point position in Fig. 1a, as expected. The SRIM predicted displacement 

profile is also shown for comparison. 
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Fig. 1. (a) RBS/C spectra for Ni irradiated with 1.5 MeV self-ions to a fluence of 1×1014 

cm-2. The green dash line is the dechanneling fraction derived based on the IP. (b) 

Displacement profile from SRIM simulation (blue dash line), and the damage profile 

extracted based on pure dechanneling assumption (solid line) and the IP (dash-dot line). (c) 

Depth profile of (defect size) × (defect density) in Ni irradiated with 1.33 MeV Mn to 4×1013 

cm-2, observed by TEM (diamond), the damage profile extracted based on the IP (dash-dot 

line), and the displacement profile from SRIM prediction (dash line). 
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Both the derived damage peak position and the total damage range from the pure 

dechanneling assumption (f = 0) are ~30% shallower than those predicted by SRIM. In fact, it 

is well known that the actual damage range in FCC metal single crystals is usually greater 

than the simulated displacement range at high irradiation doses, so-called “long-range effect”, 

due to the combined origins such as defect migrations and channeling irradiations.[22, 26, 27] 

Fig. 1c shows a representative case of low dose irradiations, i.e. pure Ni irradiated with 1.33 

MeV Mn ions (similar to the irradiation condition for 1.5 MeV Ni ions) to a low fluence of 

4×1013 cm-2, corresponding to the peak dose of ~0.05 dpa. The peak position of the damage 

profile obtained from cross-sectional TEM imaging, similar to the damage profile extracted 

based on the IP, is slightly deeper than the SRIM prediction, and a damage tail is observed. 

Consequently, the shallow damage range derived based on the pure dechanneling assumption 

is unrealistic and thus f  0, consistent to the fact that under this irradiation condition only 

small defect clusters (dislocation loops and SFT) appear with negligible number of extended 

dislocation lines. 

When following the IP based on Eqs. (4) and (2), the dechanneling fraction of the 

channeling yield is shown as the green dash curve in Fig. 1a, and the direct backscattering 

fraction is then the shade area. The derived damage profile is shown in Fig. 1b and 1c as the 

dash-dot line, which agrees much better to the SRIM prediction, supported by our TEM 

observations. The damage tail beyond the SRIM predicted displacement range is also 

observed by TEM and detected from RBS/C. Note that such IP is conventionally used only 

under the assumption of point defects (f =1) unless a known f value is assigned, which is 

clearly not the case in pure Ni (0 < f < 1). Thus, the questions become: is it reasonable to use 

such method in materials containing extended defects or even mixed defects, and, if yes, what 

information can be extracted and what are the limitations.

3.2. Generalized application of IP for defects with 0 < f < 1

3.2.1. For materials containing small extended defects

Small extended defects, such as dislocation loops of a few nanometers, cause local strain 

and non-ignorable contribution of direct backscattering, resulting in the scattering factor f 
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between 0 and 1. If we define scaled defect density and dechanneling factor

, (5)
' ( ) ( )D DN z fN z

and

, (6)
' /D D f 

Eqs. (1) and (2) become

, (7)
'( ) ( ) [1 ( )] ( )D R R Dz z z N z    

and

, (8)
' '

0
( ) ( ) [1 ( )][1 exp( ( ') ')]

z

R V V D Dz z z N z dz       
Which have the same format of Eqs. (4) and (2), and can thus be mathematically solved 

equivalent as the case of point defects, except that here only 'D and thus N’D(z) can be 

determined. The actual defect density cannot be directly solved since f is unknown, however, 

the purposes of understanding damage accumulation process and making comparison 

between different materials can be reasonably achieved from the N’D(z) profiles. With 

decreasing f, the dechanneling profile (the green dash line in Fig. 1a) keeps approaching the 

channeling spectra. When f comes to zero, 'D becomes infinite large and this method is no 

longer valid. In the example of irradiated Ni in Sec. 3.1, the defect scattering factor is 

non-zero due to the existence of small defect clusters, and thus the direct use of IP is valid, 

and the derived results are the profile of fNd.

3.2.2. For materials containing both point defects and dislocations

Now consider a more complex but more realistic case, a sample containing two types of 

defects, with (f1, D1) and (f2, D2). For simplicity, defect type-1 is assumed to be a pure 

dechanneling source (e.g. dislocation lines), that is f1 = 0, and defect type-2 is arbitrary (e.g., 

randomly displaced atoms, extended defect clusters, and amorphous domains where 0 f 1). 

Then Eqs. (1) and (2) can be written as

(9)2 2( ) ( ) [1 ( )] ( )D R R Dz z z f N z    

(10)1 1 2 20
( ) ( ) [1 ( )][1 exp( ( ( ') ( ')) ')]

z

R V V D D D Dz z z N z N z dz         
Assuming the different types of defects have the same depth distribution, and
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ND1(z) / ND2(z) = constant C, (11)

the scaled defect density and dechanneling factor can then be re-defined as 

(12)
*

2 2 ( )D DN f N z

and

, (13)
*

1 2 2( ) /D D DC f   

which makes the Eqs. (9) and (10) become 

(14)
*( ) ( ) [1 ( )] ( )D R R Dz z z N z    

and

(15)
* *

0
( ) ( ) [1 ( )][1 exp( ( ') ')]

z

R V V D Dz z z N z dz       
Similar to the Eqs. (7) and (8), Eqs. (14) and (15) also have the same format as Eqs. (4) and 

(2), suggesting that the IP is still valid in this case, with the notation that the fitting parameter 

becomes *D, and the derived “damage profile” is the profile of f2ND2(z), and the density of 

the “pure dechanneling” source is CN*D/f2. 

A special case can now be considered for a combination of pure dechanneling source and 

point defect source, i.e. f1 = 0 and f2 = 1. In this case, the derived defect density profile from 

the IP is equal to that of the point defect density distribution. The density of dislocation lines 

is only determined by the factor C, which is unable to be derived from the present 

dechanneling analysis. However, since the dechanneling factor of dechanneling source is at 

least a few orders larger than that for point defects, *D is then equal to D1C. If the 

theoretical value of dechanneling factor of the dislocation lines can be calculated, the 

constant C can be derived from the comparison of the fitting value (*D) and the theoretical 

value D1. 

Consequently, in principle, the use of IP for dechanneling analyses does not require the 

pre-assumption of point defects for comparison and the semi-quantitative analysis on the 

damage accumulation. Note that the situation can be more complicated in actual irradiated 

samples, since the dechanneling and scattering factors of defects, e.g. dislocation loops, 

depend not only on their type and size, but also on the relative direction between the incident 

beam and defect orientation. Thus, the fit values from dechanneling analysis should be 
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treated as a value of effective average. In fact, even for irradiated ceramics, in which the 

defects are usually treated as non-extended, the defects inside are not always fully 

uncorrelated point defects, and the derived “ND(z)” has been shown not necessarily the actual 

defect density or absolute disorder level,[13, 14, 28] depending on the defect configurations. 

3.2.3. Indications from the disappearance of “damage peak”

In most cases where IP has been conventionally applied, a peak in the channeling spectra 

is observed (see examples in Refs. [4, 6, 7] and those in the following Section 3.3). However, 

the lack of such damage peak has been seen in irradiated metals, as shown in Fig. 1a. In other 

words, the channeling spectra for most irradiated materials has a downhill region where 

backscattering yield decreases, while those for many metals keep increasing across the entire 

depth beyond the end of damage. This difference has been considered as an indication of pure 

dechanneling, but in the Section 3.1 such assumption has been proved to be wrong or 

unnecessary, and the IP has been demonstrated also valid. 

To interpret this qualitative discrepancy without considering details of defect 

distribution, we examine the derivative of channeling spectra, dχD(z)/dz, right before the end 

of defective region, zm, where by definition the defect density ND(zm) = 0 and density slope 

N’D(zm) < 0. Moreover, at this depth, χR=χD, according to the nature of IP. Note that, here we 

only assume the existence of zm, but not consider where it is located. 

If we define I(z) as the integrated defect density, i.e. dI(z)/dz=ND(z), and assume low 

defect density, Eqs. 1 and 2 can be re-written into

. (16)( ) ( ) ( )[1 ( )] ( )[1 ( )][1 ( )]D V D V D V Dz z fN z z I z z fN z         

Note again the features of zm, we have 

, (17)( ) [ ( ) ( )] / [1 ( )]D m D m V m V mI z z z z      

and

. (19)
 1 ( )( ) ' ( ) [1 ( )] ' ( )

1 ( )m

D mD
D m V m V m

z z V m

zd z f N z z z
dz z

  



    


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Eq. 19 can be further simplified, if assuming ignorable virgin level χV(z) = 0, into

(20)' ( ) [1 ( )] '( )D m D m mz z f N z    

Under this assumption of ignorable virgin level, the slope of channeling yield must be 

negative when f > 0 and the material is not fully amorphous, since χD(z) ≤ 1 (equity is reached 

only when fully amorphous), and N’D(zm) < 0. In other words, there exists at least one local 

maximum in the channeling spectrum before the end of damage, which is contradictory to the 

experimental findings such as in Fig. 1a. 

When considering Eq. 19 with non-zero virgin levels, the sign of the slope of channeling 

spectrum depends on two competing terms: a negative term fN’D(zm)[1-χV(zm)], and a 

positive term χ’V (zm). Note that the positive term is very small in high-quality crystalline 

samples, and thus the overall slope is usually negative (containing a region of declining yield 

between the damage peak and the end of damage) in most common non-metal situations. 

However, in irradiated metals such as Ni (Fig. 1a), two reasons might cause an overall 

positive slope: 1) the small scattering factor value, f, while non-zero, can greatly reduce the 

negative term, and 2) the irradiation induced defect can reach much deeper depth than the end 

of displacement profile predicted by SRIM,[22] causing a gentle decrease of defect density, 

meaning a small N’(zm). In such cases, the negative term may be smaller than the positive 

one, causing the overall positive slope. 

Two additional supportive evidences can be seen from the simulation studies.[12] First, 

the drop of channeling yield is less sharp at the set point of the end of damage for materials 

containing extended defects, compared with those containing point defects. Second, when 

simulating experimental spectra, the fitted defect density does not decrease to zero in the 

simulation depth regime. This second phenomenon can also be observed when applying the 

IP, see Fig. 1b. Although Eq. 19 applies only at the depth of damage end, it demonstrates in 

principle the origin of the lack of damage peak shown in the channeling spectra. It needs to 

be emphasized that the lack of appearance of damage peak does not necessarily indicate lack 

of direct backscattering centers.
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3.3. Channeling analysis when damage peaks appear

The use of ion channeling technique showing a damage “peak”, in either ceramics or 

alloys, has been well-developed in the past decades. Here three examples are shown in Figs. 

2a-c for the relative channeling yield, χD, at various irradiation doses for 900 keV Au ion 

irradiated SrTiO3, 1 MeV Au ion irradiated MgO, and 900 keV Ti ion irradiated TiAl, 

respectively. Only the yields from Sr, Mg, and Ti signals (the heaviest elements in the 

compounds) are shown for comparison due to their less experimental uncertainty. Damage 

accumulation process can be derived based on the Eqs. (4) and (2), or, equivalently Eqs. (7) 

and (8), using the IP, no matter whether we treat them as in point-defect limit or not. Fig. 2d 

shows the derived relative disorder as a function of irradiation dose at the SRIM-predicted 

damage peak region.

Fig. 2. Relative yield of the channeling spectra of (a) SrTiO3 irradiated with 900 keV Au 

ions, (b) MgO irradiated with 1 MeV Au ions, and (c) TiAl irradiated with 900 keV Ti ions. 
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(d) Relative disorder taken from the damage peak as a function of peak irradiation dose for 

the three materials derived using the typical IP approach.

The knowledge of defect scattering factor, f, is necessary to clarify the meaning of the 

derived relative disorder level, see Eqs. (5) and (12). However, obtaining the structural 

information of the defects can hardly be done by directly using the IP when analyzing 

channeling spectra, and usually demands computational simulation codes such as DICADA 

[29], McChasy [28], and RBSADEC [12] to fit the experimental spectra. Here we 

demonstrate that, other than disorder level, the value of f can also be semi-quantitatively 

estimated from the channeling and dechanneling profiles. Fig. 3a shows a typical 

dechanneling analysis for a well-defined damage peak, taken SrTiO3 irradiated with 900 keV 

Au to 5.2×1013 cm-2 (~0.2 peak dpa) as an example. The green squares are the relative 

channeling yield, χD, from the measurements, the black dots at bottom are the relative 

channeling yield from the pristine sample, χV, and the blue curve is the derived χR from the 

IP. Two areas, AreaD and AreaR, between the curves represent the signal from direct 

backscattering and from dechanneled ions, respectively. 

If assuming low defect density and ignorable virgin level for simplicity, the ratio of the 

two areas (from surface to the end of damage zone), AR, can then be written as

. (16)

0

0

( )[1 ( )]

( )

m

m

z

D DD
z

R D

fN z I z dzAreaAR
Area I z dz






  



Although the general apparent expression of Eq. (16) is not available due to the unknown 

defect density distribution, two special cases can be derived analytically. First, if assuming 

uniform defect density, i.e. ND(z)=Nu, the area ratio can be written as 

. (17)[2 / ( ) 1]u D mAR fN z 

Another more complicated but possibly more realistic situation is that the defect density 

increases from 0 linearly to the maximum disorder, Nm, at half of maximum damage range, 

and then linearly decreases to 0. For defect concentration profiles in such shape, the area ratio 

can be approximately reduced to
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. (18)[2 / ( ) 1] / 2m D mAR fN z 

Fig. 3. (a) Dechanneling analysis profiles for SrTiO3 irradiated with 900 keV Au to ~0.2 peak 

dpa. Area D is referred to the region between the channeling profile χD and the dechanneling 

profile χR. Area R is referred to the region between χR and the pristine level. (b) Normalized 

area ratio as a function of relative disorder level. (c) Product of damage range and area ratio 

for different compounds, extrapolated to zero disorder.

Note that AR and χD(zm) can both be obtained from the dechanneling analysis process. 

The values 2AR/[2/χD(zm) -1] for the three tested materials are plotted in Fig. 3b as a function 

of measured peak relative disorder based on the IP, Nm, to the first order approximation. It 

can be seen that the data points of SrTiO3 follow very well to the solid line, suggesting f = 1, 

which can be expected since the defects created at room temperature from Au ion irradiation 

are mainly random point defects or local amorphous domain.[30] The data for MgO are 

deviated from the unit slope, down to about 0.83, suggesting that a more organized defect 

structure is formed. This is consistent with the previous results that small dislocation loops 

are formed and aggregated into dislocation networks with increasing irradiation dose.[13] 

The data of TiAl is somewhat more scattered, but essentially the derived scattering factor for 

all the three materials are large and within 20% difference, which is very different from those 

without showing damage peaks (e.g. Ni). Here we want to emphasize that the absolute value 

here may not be accurate, since the model for Eq. (18) is apparently oversimplified. However, 

it provides a qualitative comparison and information on radiation response that the higher f 
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value the higher ratio of direct backscattering-dominant centers (e.g. randomly displaced 

atoms) vs. the dechanneling-dominant centers (e.g. atoms in extended defects).

If extrapolating the disorder level (determined based on the IP) down to 0, the product of 

damage range and AR is then proportional to the ratio of scattering factor, f , and 

dechanneling factor, D. 

zm AR ~ f /D. (19)

The values of such normalized area ratios are 0.88, 0.53, and 0.25, for SrTiO3, TiAl, and 

MgO, respectively, as shown in Fig. 3c. Considering the similar scattering factor of these 

three materials (see Fig. 3b), this relatively large difference among the three materials is 

mainly attributed to their different dechanneling factor: SrTiO3 has the lowest dechanneling 

factor, while the MgO has the greatest value. This result also agrees with their different 

defect evolution processes under irradiation.[6, 13, 30]

It needs to be further noted that this analysis is more challenging for the case of materials 

without exhibiting a clear damage peak due to the following two reasons: 1) the direct 

scattering fraction is usually too small for accurate quantification (see Fig. 1a), and 2) without 

a clear “peak” shown in the channeling spectra, the determination of the end of damage may 

rely on additional inputs and may cause additional uncertainty, see discussions in Section 

3.2.3. Further investigations are desired to address these issues and to provide improved 

analysis procedure, and simulation works may be necessary to provide the absolute 

quantification of defect density. 

4. Conclusions 

In summary, the present work has performed channeling analysis on four irradiated 

model materials, pure Ni, SrTiO3, MgO, and TiAl to examine the assumptions and fidelity of 

the analysis methods in studying ion irradiation induced damage accumulation. It has been 

demonstrated that: 

(1) The assumption of pure dechanneling source in irradiated metal may be 

oversimplified, especially in the low dose regime where small (less than a few nanometer) 
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defect clusters are dominant, and may result in error on determining the damage profile.

(2) The IP approach, initially developed for analyzing the ceramics containing only point 

defects or with pre-assigned scattering factors, can also be applied to more general cases with 

unknown defect scattering factor f between 0 and 1, and multiple types of defects. The 

meaning of extracted “disorder profile” in such cases has been clarified as the product of 

scattering factor and the density of scattering centers.

(3) The vanish of damage peak in the channeling spectra for irradiated metals, such as 

pure Ni, has been shown not necessarily an evidence of pure dechanneling assumption, but 

attributed to the combined effects of the small (but non-zero) scattering factor, the small 

negative defect concentration gradient close the end of damage range due to the long-range 

damage effects, and the non-ignorable virgin level.

(4) Besides relative disorder level, the normalized area ratio between direct 

backscattering fraction and the dechanneling fraction contains information on the defect 

configuration, based on the derived scattering and dechanneling factors. For example, point 

defects or local amorphous domains are dominant in SrTiO3, resulting in high scattering and 

low dechanneling factors. Extended or ordered defects (e.g., dislocation loops or dislocation 

network) are formed in MgO at a relatively low disorder level, and result in reduced 

scattering and enhanced dechanneling factors. The analyses of TiAl suggest that the extended 

defects have less dechanneling contribution, as compared with MgO. 
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