Раздел 7. Итоговые задания по базовым понятиям и технологиям МЭМС и НЭМС 

Примерные варианты контрольных работ имеют целью активизацию знаний по базовым понятиям и  технологиям 
Вариант 1
1. Consider the following statements whether they are TRUE (T) or FALSE (F) and if false, give an explanation or correction. (10 Points) 

____ 1.1 Lithography is a process to transfer the structures onto a mask. 

____ 1.2 Negative resists are mainly used in the production of highly integrated microelectronic circuits due to their high durability 

____ 1.3 Since in projection and proximity printing the mask and substrate are separated, the total wafer can be exposed at the same time 

____ 1.4 The high aspect ratio of photoresist can be obtained by using the electromagnetic radiation with the short wavelength. 

____ 1.5 Contact printing is used in the laboratories of Microsystems Department, SGU. 

____ 1.6 In all techniques of optical lithography the resolution is dependent on the wavelength of the light source. 

____ 1.7 Not only appears the diffraction in proximity printing, but it also happens in projection printing. 

____ 1.8 The diffraction in proximity printing is caused by the use of lens and its depth. 

____ 1.9 The photoresist is applied by sputtering. 

____ 1.10 Tungsten can be deposited by both evaporation and sputtering process while Aluminium cannot. 

2. From a figure shown below, explain and draw figures of steps and processes required to finally obtain the shown structure. (10 Points) 
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3. Show how failure rate depends on lifetime by drawing a curve. Based on your answer, what will happen when the operating temperature increases. Does the curve change its shape? If yes, please draw the new graph in the same diagram to compare to the previous result. ( 8 Points) 

4. An intelligent sensor unit consists of two components : 

Chip 1 (for sensor) Area = 1.0 cm2 Yield = 50 % 

Chip 2 (for electronics) Area = 0.3 cm2 Yield = 80 % 

Wafer processing costs for both components is 4 Euro/cm2. The component will be integrated with a hybrid technology at a cost of 10 Euro with yield of 97.5 %. 

4.1 What is the production cost of one functioning unit? 

4.2 A high quality sensor unit will include a second reference sensor on chip 1 at the same area. What is the expected production cost? (9 Points) 

5. You are asked for developing an microactuator under the following specifications : 

Height = 10 μm 

Area = 1.0 mm2 
Output power = 1 W 

Max. operating frequency = 1 kHz 

What will be your suggestions? Which kind of microactuator would you like to purpose? (8 Points) 

6. Piezoresistive sensors (12 Points) 

6.1 Explain about the principle and applications of the piezoresistive sensors and draw a figure to show its structure. 

6.2 Regarding your given drawing of the structure of the piezoresistive sensor, where and in which orientations should the piezoresistive crystals or elements be placed? Give your reasons. 

6.3 Explain how to obtain an electrical output signal from the piezoresistive sensors. 

6.4 How does temperature influence the piezoresistive sensor? Does the piezoresistive sensor need to be compensated? Give your reasons. 

7. Consider the following statements whether they are TRUE (T) or FALSE (F) and if false, give an explanation or correction. (13 Points) 

____ 7.1 Shape memory alloys are able to operate at high switching frequency since they do not show hystereses. 

____ 7.2 The applicable mechanical energy in microactuator results from the product of energy density, time constant and efficiency. 

____ 7.3 Efficiency of thermal actuators scales with size. 

____ 7.4 Piezoelectric materials are usually isotropic ferroelectric materials, and when they are in an electric field, the mechanical strain appears. 

____ 7.5 Concerning the efficiency of a thermal microactuators, it is rarely used even though its structure is relatively simple. 

____ 7.6 A reasonable measure to reduce friction in microactuators is to use a lubricant. 

____ 7.7 Piezoelectric materials commonly used in Microsystems technologies are Zinc oxide, Quartz, Aluminium nitride, PbZrO3, and PbTiO3. 

____ 7.8 One of the aims in circuit design for sensor application is to reduce cross sensitivities or to keep the measuring sensitivity much larger than sensitivities to parasitic effects. 

____ 7.9 Silicon has a higher piezoelectric coefficient than silicon oxide. 

____ 7.10 Piezoelectric and piezoresistive sensor are both used to measure parameters which can be related to the change of mechanical stress or strain, e.g. pressure sensor. 

____ 7.11 Increasing the number of pairs of electrodes in differential capacitive sensors always leads to the better sensitivity obtained from the device. 

____ 7.12 Resolution of an SAW sensor is improved by lowering the operating frequency. 

____ 7.13 In an electrostatic actuator, tangential force is larger than normal force. 

Вариант 2

1. Consider the following statements whether they are TRUE (T) or FALSE (F) and if false, give an explanation/reason and a correction of the statements. (12 Points) 

____ 1.1 Burn-in is a main reason for failures at the end of service life. 

____ 1.2 A change of operating temperature does not affect failure rate of a device. 

____ 1.3 A reduction of mechanical stress can increase the service life time. 

____ 1.4 In multichip modules for homogeneous untested chips, at a certain chip yield an increase of the number of chips leads to not only an increase of the module yield but also an increase of the module cost. 

____ 1.5 Not only is Arrhenius law used in the consideration of temperature-dependent etch rate but also in the consideration of the time-to-failure of system reliability. 

____ 1.6 CF4 and CCl4 can be used for etching silicon in the wet chemical etching. 

____ 1.7 In order to achieve a higher aspect ratio of the structures in lithography, shorter wavelength of electromagnetic radiation can be used. 

____ 1.8 Piezoresistivity is widely used as a basic principle in microsensors but Piezoelectricity is not used. 

____ 1.9 Dummy sensors are used to improve linearity. 

____ 1.10 In microsensors, temperature dependency of sensitivity can be reduced by using a bridge circuit with a voltage source. 

____ 1.11 To obtain a reliable signal from a microsensor, the measured sensitivity has to be considerably larger than the cross sensitivity; in addition, the compensations of disturbances and temperature are also required. 

____ 1.12 A reasonable way to reduce friction in microactuators is to use a lubricant. 

2. Answer the following questions. (16 points) 

2.1 Give 3 examples of piezoelectric materials (3 points) 

2.2 Give 3 examples of non-piezoelectric materials (3 points) 

2.3 Which process can be used to apply a photoresist? (1 point) 

2.4 Give an example of a material used as a positive photoresist? (1 point) 

2.5 What information does Reynolds number(Re) provide for a physical behaviour? Considering a microsystem device, would you expect the value of Re to be high or low? From this Re for micro-scale, which physical behavior can we expect? (3 points) 

2.6 What is the difference between bulk micromachining and surface micromachining processes? Give examples of applications for each process. Discuss their advantages and disadvantages. ( 5 points) 

3. Answer the following questions. (7 points) 

3.1 What is a sacrificial layer? (1 points) 

3.2 In which application do we need the sacrificial layer? (2 points) 

3.3 Give one example of materials which can be used as sacrificial layer. (1 points) 

3.3 Concerning etching process for the use of sacrificial layers, which conditions have to be fulfilled? (3 points) 

4. In the following figure, explain and draw figures for a sequence of major process steps in order to finally obtain the shown structure. (10 points) 
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5. A micromachined actuator will be used in a wrist watch. What kind of actuator would you use? Explain your decision. Give reasons why you exclude other principles. ( 8 points) 

6. Answer the following questions. (9 points) 

6.1 What is an SAW sensor? (1 points) 

6.2 Explain a principle of the SAW sensor and draw its basic structure. (5 points) 

6.3 Give two examples of applications of the SAW sensor. (2 points) 

6.4 What kind of materials can be used as a substrate in the SAW sensor? (1 point) 

7. Your company is producing high quality sensors. Here are some characteristics of your company and the sensor. 

Annual growth rate of market 10 % 

Price of the sensor 800 Euro 

Annual volume 2000 pieces 

Minimum feature size on sensor 1 μm 

Expected yield 50 % 

Wafer size 12.5 cm 

Component per wafer 10 

Sensor linearity better than 1% 

It is under your responsibility to purchase the lithography equipment. What kind of lithography will you choose? Explain your decision. (8 points) 

Вариант 3

1. Consider the following statements whether they are TRUE (T) or FALSE (F) and

if false, give an explanation/reason and a correction of the statements. (10 Points)

____ 1.1 At the same power and switching frequency, torque of rotating motions

increases with decreasing step angle.

____ 1.2 Sensitivity can be doubled with a sensor based on a wheatstone bridge if

both bridge arms are used.

____ 1.3 Common piezoelectric materials in microsystem applications are ZnO, Si,

SiO2, PZT and PMMA.

____ 1.4 Generally friction increases on corrugated or textured surfaces.

____ 1.5 The electrostrictive effect can only occur in crystals with a center of

symmetry.

____ 1.6 KOH and Aceton can be used for etching silicon in the wet chemical

etching.

____ 1.7 Arrhenius law shows that in dry chemical etching higher temperature

increase the etching rate.

____ 1.8 Thermopneumatic principle rely on the thermal expansion coefficient of

fluid to exert the force on the structure.

____ 1.9 Concerning SAW sensors, smaller operating frequency is preferred to

improve their resolution.

____ 1.10 SAW sensors can be used to detect the intensity of sound.
2. Answer the following questions. (10 points)

2.1 What is LIGA process? Explain its purpose and general steps to produce.

(5 points)

2.2 Explain 3 possibilities, e.g. design, technology, operating condition, to increase

the reliability of microsystem devices (3 points)

2.3 A magnetic actuator shows poor efficiency. What kind of measures could be

used to improve the efficiency and what is your reason? (4 points)

3. An electrostatic three-phase micromotor has the following dimensions.

(10 points)

Outer rotor radius r2 = 200 m

Inner stator radius r1 = 210 m

Rotor poles n2 = 24

Stator poles n1 = 15

Pole width  w2 = 30 m

0=8.854 ·10-12 As/Vm  rSi = 11.5

3.1) Determine the step angle.

3.2) Compute the capacitance change if length of the rotor and stator is 100 m and

overlapping pole width is 30 m.

3.3) Compute the torque for an operating voltage of U = 20 Volt.

4. In the following figure, explain and draw figures for a sequence of major process

steps in order to finally obtain the shown structure. (10 points)
[image: image3.png]$i0;

s

SisNe





5. If processing of a 10 cm wafer costs 200 Euro and the defect density is

D = 2/cm2, what is the maximum permissible die area that can be used if the effective

die cost (cost per good die) must not exceed 45 cent? Assume homogeneous defect

distribution, with the yield of the process given by = e-(AD) and neglect area losses

associated with placing square dies on a round wafer. (8 points)

(Hint: if needed, used the approximation ex 1+x)

6. Consider a capacitive accelerometer. As shown in the figure below, an insulator

layer of 1 m prevents short circuits when the two electrodes touch. Calculate the

nominal gap between the electrodes so that the movable electrode just touches the

counter electrode at an acceleration of 10g (g = 9.81 m/s2). Calculate the

capacitance in that case, and compare with the capacitance at a = 20 m/s2. The force

due to the beam weight and electrostatic force are neglected. (10 points)
Cross section of beam
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Length (L) = 3 mm

Young modulus (E) = 150 GPa

Moment of Inertia (I) = wh3/12

Density = 2.33103 kg/m3
0 = 8.854 ·10-12 As/Vm

Active electrode length (La) = 1,5 mm

w = 100 m, h = 10 m

The deformation (y) for a cantilever beam is given by: [image: image5.emf]
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