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Effect of ion bombardment on fracture toughness of Cr-N
coatings deposited by ion beam assisted magnetron sputtering
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Abstract: CrN films were deposited by low energy ion assisted magnetron sputtering (IBAMS). The microstruc-
ture was characterized by FESEM, AFM and XRD analysis. The effects of ion bombardment energy on microstruc-
ture, grain size, hardness and fracture toughness of CrN films were studied. The results show that, with the in-
crease of ion energy, the CrN film changes from large columnar structure to fine dense grains. When the assisted
ion energy reaches 1200 V, the structure changes to equiaxial and the film density increases. The aggregation ob-
served by FESEM and roughness by AFM change with the bombarding ion energy increasing in similar trend. How-
ever, the aggregate particles compose of many small sub-grains, which are analyzed by X-ray diffractrometry. The
sub- grain size decreases when the bombarding ion energy increases from 0 to 800 V and reaches about 9 nm at 800 V.
However. it increases acain at 1 200 V. The results sugcest that two different mechanisms take vlace during ion

bombardment. One is peening effect which results in grain refining and the other is thermal effect leading to grain
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growth. Both the hardness and fracture toughness increase with the energy increasing from 0 to 800 V, which could

relate to the decrease of grain size. The grain size at energy of 1200 V closes to that of O V, but the hardness and

fracture toughness is higher than that of 0 V. It suggests that the improvement of hardness and fracture toughness

relates to the densification of the film deposited by ion bombardment.
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Fig.1 FESEM images of cross-section for CrN films deposited by IBAMS
(a) =0 V; (b) —400 V; () —800 V; (d) —1 200V
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Fig.2 FESEM images of surface for Cr-N films deposited by IBAMS
(a) =0 V; (b) —400 V; () —800 V; (d) —1 200V
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Table 1 Grain size and lattice distortion
of CrN(200)

Ion beam energy/ V D/nm €
0 20.3 0. 004
400 17.2 0.012
800 8.8 0.018
1200 21.5 0.019

2 IBAMS UUA Cr N o [ FR T 38 D iy 2400 12k
Table 2 Hardness and fracture toughness
of CrN films deposited by IBAMS

Ion beam energy/V Hardness/ GPa Kic/ (MPa* mY?)
0 12.90 1.35
400 19. 60 2.01
800 29. 60 > 4.00
1200 30. 70 2. 14
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