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Preparation of Gradient Substrate Pre-crack and Its Steady Propagation
During Tensile Testing for Microbridge Method
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Abstract; Compact tension (CT) specimen of 16 mmX32 mm rectangular silicon wafer was used as the substrate for the microbridge
tensile testing method. A proper way is required to produce a sharp pre-crack in the CT specimen. And a stable extension of the crack
is also desired during the tensile testing for fracture toughness of thin films. However, both of them have not been successfully achieved
yet since microbridge tensile testing method was proposed in 2011. In this paper, a narrow groove with a serration morphology was
produced with infrared laser cutting method along central line of the silicon wafer CT specimen. And then three-point bending test was
conducted to prepared a sharp crack with a self-made mini device. A linear actuator was adopted serving as the loading bar. Load are
applied through a¢0. 8mm spherical indenter mounting on the tip of the loading bar. The balance loading was studied, and a sharp
crack of desired length can then be produced in a standard procedure. More importantly, the substrate crack possesses a type of
gradient morphology. That is, there is a long distance that silicon wafer fractures along the groove, while instead of a visible crack, a
crease mark appear on the surface. Tensile testing of the CT specimen with the gradient substrate crack was then conducted. Results
showed that the gradient crack extends a short distance of about 474um in average in a single increment step of 0. Spum of the actuator.
Though the crack extends to a distance varying in a wide range, it is evidently not catastrophic. Theoretical analysis showed that the
gradient substrate crack consumes an ever increasing energy during its fracture, which restrains a sudden extension of substrate crack to
a long distance. Innovations that have been made in this paper, a special laser cutting procedure, the serration morphology of the
groove, a gradient crack as well as its stable extension within a single displacement increment of the loading, provide the base of the
microbridge tensile testing method for fracture toughness of thin films.
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Table 1 Parameters of two kinds of laser cutting methods

Parameter Method-1 Method-2
Laser INNO 17 W ultraviolet ns TRUMPF 100 W infrared ps
Frequency/kHz 100 200
Power/W 6 25
Scanning rate/ (mm/'s) 100 1 000
Scanning times 0.03/10/0.3 0.05/7/0. 35
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Fig.2  Three-point bending device Schematic diagram
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Fig. 6 Schematic diagram of the cracking morphology during bending test
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Table 2 Readings of linear actuator at different substrate response during the three point bending tests

Actuator reading Actuator reading

Actuator reading

Indentation depth of Indentation depth of

Sample No. ) ) i . . . .
at action—1/mm at action—2/mm at action—3/mm indenter between action—1&2/mm  indenter between action—2&3/mm
1 11. 400 11.633 11. 667 233 34
2 10. 860 11.075 11. 500 215 50
3 11. 180 11.355 11. 402 175 47
4 11. 040 11.294 11.333 254 39

Action—1 indenter contacts substrate, action—2; crease mark appears on the substrate surface, action—3: crease mark extends to the arresting hole
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Table 3 Crack extension of CT specimen with gradient initial crack during testing with 1 and 0.5 pm displacement increment

Loading events 1 2 3 4 5 6 7 8 9 10
Actuator reading/pum 8336.5 8337.5 8338.5 8339.5 8340.5 8341.5 8342.5 8343.5 8344.5 8345.0
Crack growth length/pum 88.4 326.4 540. 6 139. 4 210.8 1122.0 1074.4 438.6 1931.2 639.2
Loading events 11 12 13 14 15 16 17 18 19 20
Actuator reading/pum 8345.5 8346.0 8346.5 8347.0 8347.5 8348.0 8348.5 8349.0 8349.5 8350.0

Crack growth length/pm 1 516.4 805.8 506. 6 357.0 146. 4 307.3 193.8 142.8 119.0 489. 6
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(a) The first one is photograph before the loading event-1,
and the following four photographs are the one after the
loading event-1, 2, 3 and 4 in table 3

(b) Five photographs are photographs after loading
event-16, 17, 18, 19 and 20 in table 3
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Fig. 10  Optical photograph of the crack of CT specimen with 5 £ X W
gradient crack during step by step tensile loading
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