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X-RAY TOPOGRAPHIC STUDY ON DISLOCATIONS
INDUCED BY LASER IRRADIATION

By Yoshito Akasar*

Dislocations induced by laser irradiation is studied by x-ray diffraction
topography on lithium fluoride single crystal. These dislocations are com-
posed of four types of glissile dislocations in half-loops, (101) [101], (I01)
[T01], (011) [011] and (ol1) [ofT].

1. Introduction

We are able to introduce dislocations into crystals by irradiating {100} sur-
face of lithium fluoride with high intensity laser pulse”. In the specimen irra-
diated by the laser pulse with power density of ~4 MW/4.5 mm¢, the density
of induced dislocations are so small that individual dislocations are observable
on limited projection topograph. To determine the geometry of induced dis-
locations a series of topographs utilizing various diffraction planes was taken,
and the invisibility criterion for dislocation image and the geometry of possible
dislocation and x-ray projection were taken into account.

2. Experimental

The laser used was a hand-made CO, laser system in Research Institute for
Applied Mechanics?. The parameters of laser pulse were ~2.5 J in 80 nsec.
The lens of 500 mm focal length was used to intensify the power density of
irradiation. The specimen used, 5X7X2mm?® in size with ~10* dislocations/
cm?, were cleaved from lithium fluoride single crystal block of x-ray analyzing
grade purchased from Harshaw Chemical Company. The power density of irra-
diation for the studied specimen was ~4MW/4.5mmé¢. Utilizing the limited
projection topography®:*, (200), (200), (020), (020), (220), (202), (202), (022)
and (022) topographs were taken. As the MoKa; radiation was used, ur<1

where p is the linear absorption coefficient of specimen and ¢ is its thickness.
IlIford L4 nuclear plate was used.
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Photo 1 (200) topograph of the laser irradiated specimen. Loops and half-
loops of dislocation are induced over the irradiated surface.

3. Results

A (200) topograph of specimen is shown in Photo 1. Dislocations in loops
and half-loops are induced over the irradiated surface. In (200) topograph
taken before laser irradiation no such loops were observed. Topographs taken
with various diffraction vectors are listed in Photo 2, where the region below
the letter A in Photo 1 is shown. Distinctive features of induced dislocations
on topographs with various diffraction vectors are as follows.
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Photo 2 A series of topographs with various diffraction vectors. Each arrow shows
diffraction vector used.

In (200) and (200) topographs (1) there are no essential differences in dis-
location images and (2) loops and half-loops along diffraction vector and in
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the opposite direction are revealed. Let these loops be [100] loops in the fol-

lowing. These features are also noticed in (020) and (020) topographs. As the
loops in these topographs are along [010], let them be [010] loops. Though
(3) the number of [010] loops are quite small comparing with that of [100]
loops. (4) In (220) topograph the images of dislocation were faint comparing
to the above mentioned topographs. It is obvious, however, that (5) both of
the [100] and the [010] loops are observed in this topograph.

The characteristics revealed in (202) and (202) topographs are as follows.
(6) There are many half-loops, with excellent contrast, extended in the opposite
direction to the diffraction vector. (7) Wing-shaped half-loops extending ob-
liquely to the above loops are also observed, though their contrast are inferior
to the latter. (8) There are no loops and wings extended toward the diffraction
vector. (9) The number of loops is numerous, while that of wings is a few.
Among these characteristics (6) to (8) are also noticed in (022) and (022) to-
pographs. Though (10) in these topographs the number of wings is numerous
and that of loops a few, being in contrast to (9). Photo 2 (d) shows the re-
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Table 1 Distinctive features of each topographs are summarized
with the list of visibility of dislocations with various Bur-
gers vectors for the used diffraction vector.

02 |202
P
N|Y
Y |N
Y |Y
Y |Y
N | N

< | Z | < | <|Z|Z|CD




DISLOCATIONS INDUCED BY LASER

gion where most half-loops are contained. The direction along which the half-
loops in (202) and (022) topographs are extended is correspond to the direction
of [100] loops and [010] loops respectively, (11) Comparing the length of half-
loops in (202) and (200) topographs, one can notice that the loops in (202) is
longer than ones in (200) and their ratio is 1.8 taking into account the geome-
try of projection in the direction of loop length. The same ratio is obtained in
(020) and (022) topographs. Some of the distinctive features mentioned above
are given in the second line in Table 1.

200(020(220/202/202|022(022| b | n
DlEx |No| G |Ex [No| G | G |T01(101

< |Ex [No| G |[No |Ex| G | G |101|101
N 'NolEx| G | G| G |Nol|Ex |0T1]011
U [No|Ex| G |G |G |Ex|No|Ol1 |OT1

Table 2 ‘'Visibility of four half-loops of dislocation in a series of topographs is tabu-
lated. Determined Burgers vector and crystallographic plane of each half-
loop are sited in the last two columns.

4, Discussion

The compressive stress wave is generated in the crystal irradiated by laser
pulse®. There are two possible dislocations; (a) glide dislocations with Burgers
vector, b=<{110> generated by the resolved shear stress and (b) punched-in
dislocations with b=<{100"> owing to the local stress concentration. With the
help of invisibility criterion observable dislocations (Y) and invisible disloca-
tions (N) are examined for the used diffraction vectors and the result is tabu-
lated in Table 1. The comparison of the experimental results with the examin-

ed results excludes Burgers vectors of [110], [110] and [001] and they are not
included in the table.

As in (202) topograph only the loops extended to the right are visible and
in (202) only the left are visible, the [100] loop may decomposed into two
half-loops extended to the right and to the left respectively. Comparing the
characteristics (9) and (10) with the (3) which shows the numerical correla-
tion between the [100] loops and the [010] loops, one can notice that when
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half-loops corresponding to [100] loops are observed a few wings numerically
corresponding to [010] loops are visible, and that when half-loops correspond-
ing to [010] loops are observed a lot of wings numericaly corresponding to
[100] loops are visible. Wings shown in (202) and (202) topographs are then
reasonably decomposed into two half-loops of [010] and [010].

Then we have four half-loops extended toward [100], [100], [010] and [010]
respectively. In a series of topographs these four loops are evaluated and clas-
sified into three groups; loops with excellent contrast (Ex), loops with good
contrast (G) and loops invisible (No). The result is summarized in Table 2.
Comparing the Tables 1 and 2, one can determine the Burgers vector of each
half-loop and the result is sited in the b’s column in Table 2.

The crystallographic plane on which half-loops are formed will be determined
in the following. The possible planes for the dislocations (a) and (b) are
{110} and {100}. The wing in (202) topograph is extended at an angle of ~
60° to [100]. If the [010] half-loop is extended on {100} plane this angle must
be ~90° while if it is on {110} plane the angle of ~60° is reasonable. The
characteristic (11) shows that the ratio of half-loop length on (202) and (200)
topographs is 1.8. If the half-loops were extended on (101) plane this ratio
must be 0.3 considering the geometry of projection to take topography. If they
are on (101), (100) or (001) plane, this ratio should be 1.7, 2.9 or 0.9 respec-
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Fig. 1 Burgers vectors and crystallographic planes of
laser-induced dislocations.
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tively. Then half-loops revealed in (202) topograph must lie on (i01) plane.
The crystallographic planes thus determined are listed in the last column in
Table. 2. In Fig. 1 are shown the geometry of induced dislocations thus de-
termined. A combination of Burgers vector and crystallographic plane shows
that each half-loop is glissile dislocation.

Image contrast of dislocations thus determined will be examined in the case

of diffraction vector g=[202] as shown in Fig. 2. Let ~g-b be the angle be-

Lo10) /3B=90
=070 P

Fig. 2 Geometry for (202) topograph. The loop (101)
[101] is out of contrast because of invisibility
criterion. Loops (101) [10I] and wing (011)

[011], (0I1) [0I1] are observable as shown in
Photo 2 (e).

tween vectors g and b. For the half-loop of (101) [101] /g -b=0° and ex-
cellent contrast is expected. While /g -b=90° for the half-loop (101) [101]
and it is expected to be invisible. The half-loops of (011) [011] and (011)
[011] are observable though they are inferior in contrast as /g-b=60° for
these loops. The above examination well account for the result shown in
Table 2 and Photo 2 (d) to (f).

Laser induced dislocations are concluded to be composed of four types of
glissile dislocations in half-loops, (101) [101], (101) [101], (011) [011] and
(011) [o011].
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Appendix

According to the geometry of induced dislocations, a geometrical model was con-
structed. The model is photographed following the geometry of projection to take
x-ray topography. The photographs corresponding to Photo 2 are shown in Photo
Al. The invisibility criterion is not considered in these photograph. The following
half-loops are invisible because of invisibility criterion, (011) and (011) in (a), (i0D)
and (10D ia (b), (011) in (d), (101) in (e) and (101) in (f). Comparing Photos 2
and Al, one can notice that the model well account for the topographs obtained.
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Photo A1 Photographs of the dislocation model obtained. Con-
paring these photographs with Photo 2, one can notice
that the model well accouut for the topographs.
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