Chapter 7

Materials for MEMS and Microsystems

(P.268)

Part 1. Multiple Choice

1.(2); 2. (3); 3. (2); 4. (1); 5. (1); 6. (1); 7. (2); 8. (1); 9. (2); 10. (1); 11. (2); 12. (3); 13. (3); 14. (2); 15. (1); 16. (1); 17. (2); 18. (1); 19. (3); 20. (1); 21. (3); 22. (2); 23. (3); 24. (3); 25. (2); 26. (3); 27. (1); 28. (3); 29. (2); 30. (3); 31. (1); 32. (2); 33. (1); 34. (3); 35. (1); 36. (3); 37. (3); 38. (1); 39. (1); 40. (2)

Part 2. Computational Problems

Problem 2:

The planar area of a circular wafer, A, can be computed by:
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 in which d = the diameter of the wafer.

The ratio of plane areas of wafers with 300 mm and 200 mm diameters is:
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Hence a wafer with 300 mm diameter has 2.25 times greater area than that of a 200 mm wafer.

Problem 3:

By following the same expression used in Example 7.1, the number of atoms per cubic mm of silicon is:
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in which v = the volume of a single silicon crystal.

Likewise, the number of atoms per cubic micrometer of silicon is:
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Problem 4:

A piezoresistor has the following geometry and dimension:
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The area on which the maximum normal stress exists is:  A = 2 x 10 = 20 (m2 = 20x10-12 m2. 


From Eq. (7.8), we have:
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Since the piezoresistor is attached to the cantilever beam as illustrated in Fig. 7.17, we will have: (L = (max = 235.36x106 Pa, and (T = 0 as in Example 7.4.


Piezoresistive coefficients for several orientations of p-type silicon crystals is available in Table 7.9.


 Let us assume that the piezoresistor of (100) plane in the <100> orientation is used in this case.  We will have the coefficient (L = 0.02(44, with (44 = 138.1x10-11 Pa-1 from Table 7.8. We will thus have the piezoresistive coefficient (L = 2.762x10-11 Pa-1.


The corresponding rate of the change of electric resistance by the piezoresistor is:
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But since the resistance of a material is defined as:
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 in which ( is the resistivity of the material, which is a p-type piezoresistor.  We find the values of ( vary from 10-3 to 104.5 (-cm from Table 7.1.  We will adopt a value of ( = 7.8 (-cm = 7.8x102 (-m from Table 7.8. 


Thus, with L = 4x10-6 m and A = 20x10-12 m2, the resistance R in the piezoresistor is:
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The net change of resistance in the piezoresistor at 235.36 MPa stress is:
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Problem 5:

The piezoelectric coefficient, d, for PVDF polymer films can be found to be 18x10-12 m/v from Table 7.14.  Consequently, the induced voltage by the induced strain of 123.87x10-5 m/m from Example 7.4 is:
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with the piezoelectric film being 4 (m long as shown in Fig. 7.17, the output voltage is:



v = V( = (6.88x107)(4x10-6) = 275.3 v

Problem 6:

If the length of the imaginary lattice is (a) in the (100) plane, then 
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is the lattice for both diagonal (110) and inclined (111) planes in Fig. 7.8.

Problem 7:

The lattices for the three planes in a single silicon crystal are:
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(a) The (100) Plane:

(b) The (110) Plane:


(c) The (111) Plane
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Problem 8:

The angle is 54.74 degree.

Problem 9:

We have been using ( = 0.25 as the Poisson’s ratio for silicon in our problems solving.  By using this value for the Poisson’s ratio and the shear modulus of elasticity, G in Table 7.2, we will have the following values for the Young’s moduli, Eth, of silicon in the three orientations by using the relationship: Eth = 2(1 + ()/G:

	Orientations
	G , GPa
	(
	Eth, GPa
	Etable , GPa

	<100>
	79.0
	0.25
	197.50
	129.5

	<110>
	61.7
	0.25
	154.25
	168.0

	<111>
	57.5
	0.25
	143.75
	186.5


We may make the following observations:

(1) The Young’s moduli Etable in the above Table are the measured values as given in Table 7.2. These values are lower than those calculated from linear theory of elasticity in the <100> orientation, but are higher in the other two orientations.

(2) The computed Young’s moduli, Eth in the <111> has the lowest value of the three.  This is contrary to the measured values.

We thus conclude that the three elastic properties, E, G and ( of silicon do not follow the relationship established for isotropic elastic materials.

Problem 10:

We will use the geometry and the dimensions of the inkjet printer head as presented in Fig. 7.19 in Example 7.5.

For a printing resolution of 600 dots per inch (DPI), we should have the diameter of the dots to be D = 1 inch/600 = 25.4 mm/600 = 42.333 (m.

The corresponding radius of the spherical ink dot (r) that is ejected by the printer head is:
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 in which t is the thickness of ink dot on the paper.

Again we will use t = 1 (m as in Example 7.5.  This assumption will lead to r = 6.954x10-6 m

The volume of the ink dot is computed by using the right-hand-side of the above expression to be Vdot = 1408x10-18 m3.

The corresponding expansion of the piezoelectric cover for the ejection of  ink volume, Vdot is:
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      The corresponding strain in the piezoelectric cover is 
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     The required voltage for 1 m thick cover is:
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     The required voltage for the present case for a 10 (m thick cover is thus:


v = LV = (10x10-6)(9.3418x104) = 0.9342 v
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