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Surface Acoustic Wave Characterization of Equivalent
Young’s Moduli for Patterned Films
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Abstract: Based on the equivalent elasticity theory for layered materials, the micro-mechanics equivalent mod-
els for single and dual damascene structures were established. The equivalent elastic constant of the patterned
structure was introduced, to establish the propagation model for the surface acoustic waves propagating in the
layered structure of the patterned film/substrate, and the theoretical dispersion curves of the surface acoustic
waves were calculated with Green’ s function and the matrix method. The finite element method was used to
calculate 24 numerical examples of damascene structures with different volume ratios, and the results were
compared with those of the strain energy method. The results show that, the average relative errors of the e-
quivalent Young’ s moduli of the 300 nm-thick dual damascene film and the 100 nm-thick single damascene film
are 2.06% and 2.27% , respectively. The research verifies the correctness of the equivalent patterned structure
model and the feasibility of the surface acoustic wave method to characterize the mechanical properties of pat-
terned films, and provides a reference for the development of suitable chemico-mechanical polishing technolo-

gies for patterned films under low pressure.
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Table 1 Dual damascene film parameters (see fig. 3 for parameter labels) and corresponding numbers
case No. w; /nm h; /nm w, /nm h, /nm

) homogeneous low-£ material

@ 50 100 50 200
©) 50 100 60 200
@ 50 100 90 200
® 50 100 120 200
® 50 100 150 200
@ 50 100 180 200
50 100 210 200
©@ 50 100 240 200
© 50 100 270 200
an homogeneous copper material
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Fig. 5 Dispersion curves of surface acoustic waves propagating along the Si[ 100] direction
in different patterned films in table 1 with a film thickness of 300 nm
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Fig. 6 The finite element meshing model for the patterned film/silicon substrate
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Table 2 Wavelength-frequency-velocity values for the simulation model

wavelength A /pm average eigenfrequency /' /MHz velocity v/ (m/s)
990 4.964 4914.36
480 10.23 4910.40
210 23.32 4 897.20
129 37.87 4 885.23
99 49.24 4 874.76
81 60.06 4 864.86
60 80.76 4 845.60
51 94.75 4 832.25
45 107.12 4 820.40
42 114.61 4 813.62
39 123.21 4 805.19
36 133.20 4795.20
33 144.96 4 783.68
30 158.99 4769.70
27 176.02 4 752.54
24 197.12 4 730.88
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Fig. 8 Theoretical and simulated dispersion curves of surface Fig. 9 Influences of the single damascene film thickness
acoustic waves propagating along the Si[ 100] direction (case ® in table 4) on the dispersion relation for the
in the dual damascene film corresponding to case © in surface wave propagating along the Si[ 100] direction
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RIS A 5 R AR SE R AH DG, LA 3 g 50 R ], HARFR L (Ve 2V, = 190 1) T3 4 G
SO (Vo Vo, =1:1) FIFA RSO (V,,:V,,, =2:1) ZIA] (HEZMAE (47.74 GPa) I ALE 21.79 GPa
130.52 GPa Z[8], HAAH G U AE SR 3 v FH SRR BHL DR L, Bk 2H 1L (AR 235 4 347 Sy 5 i g I 288 355 L P A
AR ZEA AR LEAE BT | UK - 5 45 0 35 3 ELAT LU AR B - S 45 4 T g ML B low-k
AR AU /L o R (AR A 2 B S8 7 3 T R 9 e LR T —F P R B A T R ) R X R 25 4 A 5% LU
W, S KA IR 2253 310 3.90% F1 4.25% ,~F-BIAERT 1R 2253 314 2.06% F1 2.27% PR AR 15 2 Fe /73 [ A 3R 1T
P mT LU F R AE RO AL AL AR
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£33 ARG LHWME (b, = 300 nm) SR PEAR D BC g R
Table 3 Matching results of the dual damascene structure with thickness h; = 300 nm
SAW method strain energy method
case No. volume (Cu; low-k) (AE/ES™™ ) /%
E; /GPa EM® /GPa
@ 0: 1 (full of low-k) 9.90 10.00 1.00
@ 1:5.0 12.87 13.23 2.72
® 1:43 13.37 13.64 1.98
@ 1:29 14.63 15.01 2.53
® 1:2.1 16.94 16.72 1.32
© 1:1.6 18.74 18.96 1.16
@ 1:12 22.01 22.08 0.32
® 111 26.20 26.71 1.91
© 14:1 33.00 34.34 3.90
() 19:1 47.74 49.39 3.34
(D) 1:0 (full of Cu) 129.90 130.00 0.08
R4 PRDGEFWMEL (b, = 100 nm) ZERLHPER R DU ELS,
Table 4 Matching results of the single damascene structure with thickness h; = 100 nm
SAW method strain energy method
case No. volume ( Cu: low-k) (AE/E™™ ) /%
E; /GPa EM® /GPa
@ 1:9 11.78 12.06 2.32
@ 1:7 12.07 12.48 3.29
() 1:5 12.87 13.23 2.72
@ 1:4 13.56 13.83 1.95
® 1:3 14.73 14.79 0.41
© 1:2 16.76 16.59 1.02
@ 1:1 21.79 21.58 0.97
® 2:1 30.52 30.27 0.83
©@ 3:1 37.24 37.68 1.17
() 4:1 42.87 44.02 2.61
®) 5:1 47.32 49.42 4.25
(@) 7:1 56.28 58.69 4.11
(®) 9:1 63.50 66.06 3.88
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ATCEE GO JZ AR B 7 SR P R FIAT BRIC A7 B 58 1 DR A B HIL B AR 1 1
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