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6 min

6.8 x 1076
Ga*/um?

Evaporated Cu sample irradiated at 30 pAin 100 um? area
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1 frame at 1 nA 20 frames at 1 nA

Evaporated W sample irradiated with 30 kV Ga+
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Ni before exposure

Coarse grained requires higher ion dose
for orientation change
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All show the development of dark imaging regions

Growth of dark imaging regions occurs more slowly in coarse grained
materials

Is this recrystallization, texture development or Ga intermetallic formation
in the ion beam exposed regions?
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Differential damage model — the accumulation of ion damage is less in
channeling orientations leading to movement of grain boundaries into
the more damaged regions resulting in growth of grains with oreintations

favorable to channeling.
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[110] 0.150 0.132
[100] 0.252 0.222
[112] 0.342 0.300
[130] 0.502 0.441

X, = unchanneled fraction of ions in that direction
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Strongest channeling direction in Cu is <110>

Ga/um?
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textured

Blue = Cu;Ga (hexagonal)




New grains form with respect to the ion beam direction

Ga+ ion beam tilted 23" with respect to normal

New (110) texture develops along beam direction
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STEM imaging and microanalysis of Ga+ into Cu

38 x 10"% ions/cm? (3 min 300pA)

25 x 106 jons/cm?
(2 min 300 pA)

20 40 60 80

Distance (nm)

Ga+ implantation is not insignificant!
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2 min 330 pA - 2.5 x 10'% Ga*/um?
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1.8 x 1076 5.2x 10" 1.1 x 1077 2.1 x 10"
Ga*/um? Ga*/um? Ga*/um? Ga*/um?

Strongest channeling direction in Au is <110>
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Strongest channeling direction in W is <111>
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7.5 x 10'° Ga*/um?
4 min at 50 pAin 100

m?2 12 times random

18.7 x 106 Ga*/um?
10 min at 50 pAin 100
pm?

21 times random
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460 pAfor60s 460 pAfor 120s 460 pAfor 180's 460 pA for 360 s




Texture development with ion dose

5108

110" 15107 210" 2.510"

Dose (ionslcmz)

Sputter yield for 30
kV Ga

Cu =10

Au =17

W =7

Sn =8
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Dark regions in W and Ta are due to growth of surface grains with <111> fiber
texture. No change with continued exposure.

In either case, the fiber texture develops along ion beam direction.
Kinetics faster in fine grained metals.

Higher sputter yields result in lower surface compositions. Ability to exceed
solubility limits.
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Differential damage model — the accumulation of ion damage is less in
channeling orientations leading to movement of grain boundaries into
the more damaged regions resulting in growth of grains with oreintations

favorable to channeling.

Possible- but we do not see any intermediate textures developing




Sandia
National
Laboratories

Proper FIB practice of protecting the surface of the sample with Pt, W or C
should eliminate any microstructural changes in the sample during imaging.

Additional care should be used when working with fine-grained or nano-
crystalline samples as these are most susceptible to ion beam induced
microstructural alterations.



