BITS PILANI DUBAI CAMPUS
EA C415 - INTRODUCTION TO MEMS

SEM IT 2012-2013 COMPREHENSIVE EXAMINATION CLOSED BOOK

Total Marks : 80 Weightage: 40%  Time Allowed: 3 hours Date: 5 June 2013

INSTRUCTIONS

1.

This paper contains NINE (9) questions and comprises FOUR (4) pages. Answer
ALL questions. Unless specifically stated, all symbols have their usual meanings.

Ql.

Q2.

Q3.

Q4.

Q5.

Q6.

What are the advantages and disadvantages of using (a) peizoresistors and (b)
capacitors as signal transducers.
(5 marks)
Why are electrostatic forces used to run micromotors and the same technique is
not used in macrodevices and machines?
(5 marks}

Two identical and parallel metal plates of length L and width W are separated by
a gap d. The gap is filled with a material of dielectric constant €. The plates are
misaligned in the length and width directions by 20 %. Show that an applied
potential V across the plates results in electrostatic forces exerted in the direction
of misalignment as well as in the direction normal to the plates. Derive
expressions for these forces. If L = 1000 pm, W = 1200 um, d =2 pm, V =70
volts and a solid pyrex is used as the dielectric, calculate the forces. If the
potential is continued to be applied, what happens to the plates eventually?

(10 marks)
State Fick’s laws of diffusion. Define diffusion coefficient. Explain the
significance of the negative sign in the expression for the flux due to diffusion.
Phosphorus is diffused into silicon. The length and width of the opening through
which diffusion takes place is 20 pm and 2 pm respectively. The diffusion cycle
consists of a 10-minute constant source phosphorus predeposition at 1000 °C
followed by a 30-minute drive-in at 1100 °C. Determine the phosphorus
concentration at a depth of I um after drive-in. In what MEMS application is the
diffused layer used?

(12 marks)
Explain capillary effect in microfluidic flow and state why conventional

mechanical pumping cannot move fluids in microfluidic channels.
(4 marks)

(a) Tn surface micromachining, SiO; is often used as a sacrificial layer for
MEMS microstructures. Distinguish between wet and dry thermal oxidation
methods of growing oxide on silicon. Show that the growth rate is rapid in the
early stages of oxide growth but slows down as the oxide growth progresses.

(5 marks)

(b) Show that a layer of silicon of thickness approximately equal to 0.44t, is
consumed when a SiO» layer of thickness t, is formed during thermal oxidation.
Given: density of Si=2.33g.cm™ and density of Si0,=2.27g.cm™, Atomic Wt of:
Si=28, O=16

(5 marks)
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BITS PILANI DUBAI CAMPUS
EA C415 - INTRODUCTION TO MEMS

SEMII 2012-2013 COMPREHENSIVE EXAMINATION CLOSED BOOK

Total Marks : 80 Weightage: 40%  Time Allowed: 3 hours Date: 5 June 2013

INSTRUCTIONS

1.

' FouR
This paper contains NINE (9) questions and comprises SEX @9 pages. Answer
ALL questions. Unless specifically stated, all symbols have their usual meanings.

Ql.

Q2.

Q3.

Q4.

Qs.

Q6.

What are the advantages and disadvantages of using (a) peizoreéistors and (b)

capacitors as signal transducers.
(5 marks)

Why are electrostatic forces used to run micromotors and the same technique is
not used in macrodevices and machines?

: _ (5 marks)
Two identical and parallel metal plates of length L and width W are separated by
a gap d. The gap is filled with a material of dielectric constant €. The plates are
nusaligned in the length and width directions by 20 %. Show that an applied
potential V across the plates results in electrostatic forces exerted in the direction
of misalignment as well as in the direction normal to the plates. Derive
expressions for these forces. If L = 1000 um, W =1200 pm,d =2 um, V = 70
volts and a solid pyrex is used as the dielectric, calculate the forces. If the

potential is continued to be applied, what happens to the plates eventually?
(10 marks)

State Fick’s laws of diffusion. Define diffusion coefficient. Explain  the
significance of the negative sign in the expression for the flux due fo diffusion,
Phosphorus is diffused into silicon. The length and width of the opening through

which diffusion takes place is 20 sm and 2 um respectively. The diffusion cycle
consists of a 10-minute constant source phosphorus predeposition at 1000 °C

 followed by a 30-minute drive-in at 1100 °C. Determine the phosphorus

concentration at a depth of 1 um after drive-in. In what MEMS application is the

diffused layer used?
(12 marks)

Explain capillary effect in microfluidic flow and state why conventional

mechanical pumping cannot move fluids in microfluidic channels.
(4 marks)

{a) In surface micromachining, SiO, is often used as a sacrificial layer for
MEMS microstructures. Distinguish between wet and dry thermal oxidation
methods of growing oxide on silicon. Show that the growth rate is rapid in the

early stages of oxide growth but slows down as the oxide growth progresses,
(5 marks)

(b) Show that a layer of silicon of thickness approximately equal to 0.44t, is
consumed when a SiO; layer of thickness to is formed during thermal oxidation.
Given: density of Si=2.33g.cm™ and density of Si0,=2.27g.cm>, Atomic Wt of:

Si=28, O=16 :
(5 marks)

1




Q7.

Q8.

Qo.

(c) A bare (100) silicon wafer is subjected to 1 hr of wet oxidation at 900 °C
followed by another wet oxidation cycle for 0.32 hr at 1100°C. What is the
overall thickness of the oxide formed? Use the growth chart for wet oxidation in
Sishown in Figure 1.

(5 marks)
Distinguish between bulk micromachining and surface micromachining, Tt is
desired to fabricate a microcantelever using surface micromachining technique.
Describe the sequence of process steps for the fabrication and explain in detail
the role of photolithography in the process. What are the limitations of
photolithography? Describe the role of sacrificial layer in  surface
micromachining. Give one advantage and one disadvantage of using surface

micromachining
' (12 marks)

Describe a DRIE process. How does a DRIE achieve a virtually perfect vertical
etching? Why it is necessary to have a vertical etch? State one major advantage -

of DRIE.
(8 marks)

A wet etchant for Si is prepared by mixing 29 grams of HF, 50 grams of HNO;
and 21 grams of diluent (water). How much time would this etchant take to
remove 100 um of silicon. Some more water is added to the etching mixture and
the etch rate drops to 11.5 pm/min. How much water has been added? Show
your answers using the isoetch curves of Figure 2

(9 marks)
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Appendix

Table of Physical Constants and selected properties of microelectronic materials

Symbol Value Units
Boltzmann’s constant kg (or k) 1.38x 1075 K
Electronic charge g 1.6 % 10719 C
Electron-volt leV 1.6 x 1077 J
Free electron rest mass e 9.1 x 10731 kg
Permittivity of free space & 8.85x 107 F/m
Planck’s constant h 6.626 x 107 Js
Speed of light ¢ 3.0 x 108 m/s
Thermal voltage (7 = 300 K) kT/g 0.0259 Vv
Dielectric constant of Si £ 11.8
x;tomlc density of c, 5% 102 om™
Dielectric constant of 810, go,'c 3.9
Dielectric constant of TiO; Erox 80
Dielectric constant of pyrex & 4.7
Intrinsic carrier concentration in " 101 em
Siat300 K !
Diffusion Coefficient of boron or Dror Do 3x107M at 1000°C ems
phosphorus in Si , BT 31%1077 at 1100°C
Solid-solubility limit of c 1x10*" at 1000°C om
phosphorus in Si - or 1.2x10* at 1100°C
Solid-solubility limit of boron in c 1.7x10* at 1000°C e
Si i 2.2x10% at 1100°C
Mobility of electrons in Si “ 1350 em®Vlst
Mobility of holes in Si a0 450 cm’Vs!

End of Paper
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EA C415

BITS PILANI DUBAI CAMPUS
EA C415 -INTRODUCTION TO MEMS- Test2
‘Sem?2, 2012-13 OPEN BOOK ' Time Allowed: 50 mins
Total Marks : 20 ' Weightage: 20%
INSTRUCTIONS

I

Answer ALL questions. Unless specifically stated, all symbols have their usual meanings.

1.

(a)  Briefly discuss the advantages and disadvantages of electron beam lithography as
compared to optical lithography.

(b) The de Broglie wavelength, 4 = = , where / is Plank's constant, and m and v are the
my

mass and the velocity of the particle, respectively, can be shown using the relationship between
the momentums of photon and particle. For an eleciron accelerated between two electrodes with

a potential difference V, show that the de Broglie wavelength of an electron is
A= : (4 marks)

List the process steps involved in a typical photolithography process. It is required {o form a
metal pattern shape of & on a silicon surface.

Explain how this can be achieved using through any method that you know.
(4 marks)

Three cans consisting of 49.2% HF (component A), 69.51% IINO; (component B) and distilled
water (component C), are available in a laboratory. One side of a silicon substrate is etched in an
etching mixture consisting of 40 grams of A , 36 grams of B and 24 grams of C. Determine time

t; taken to etch a thickness of 23 um of Si. By adding an amount x grams of one of the
components (A, B or C) to the existing mixture, it is found that the mixture so formed has the
same ratio of HF : HNO; as before, but the time taken to etch the same thickness of silicon is
reduced to t;/ 13.22. Determine the component added and the amount added (x) in grams. Use

the isoetch graph for Si provided.
' (4 marks)

Show that a layer of silicon of thickness approximately equal to 0.44to is consumed when a SiO2
layer of thickness to is formed during thermal oxidation. Given: density of 8i=2.33g.cm-3 and
density of Si02=2.27g.cm-3, Atomic Wt of: Si=28, O=16 (4marks)

Calculate the oxide thickness for a slice of (111} silicon subjected to:
a) 10 minutes of wet oxidation at 1100°C followed by

b) 3 hr. dry oxidation at 1100°C.
(4 marks)

The End
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EA C415

BITS PILANI DUBAI CAMPUS
EA C415 -INTRODUCTION TO MEMS- Testl

Sem?2, 2012-13 CLOSED BOOK Time Allowed: 50 mins
Total Marks : 25 Weightage: 25%

INSTRUCTIONS

1.

Answer ALL questions. Unless specifically stated, all symbols have their usual meanings.

1.

Distinguish between biomedical and biosensors. What are the major technical issues involved in
the application of MEMS in biomedicine? Describe the working principle of a biomedical

sensor for measuring blood glucose concentration
(4 marks)

A micro pressure sensor based on changes in capacitance due to applied pressure on a diaphragm
is constructed using a rigid plate and a diaphragm, both having dimensions L. = W = 1000 um
and separated by an air gap d = 2 pum. An applied pressure on the diaphragm is expected to
reduce the air gap. Plot the change in capacitance (in pF) with change in air gap (in um) due to
changes in applied pressure on the diaphragm. A Wheatstone bridge is constructed with this
capacitive pressure sensor as one arm while identical standard capacitors form the other three
arms. The bridge is driven by an input Vy, while the output V, is measured. Plot the ratio V/Viy
as a function of air gap (in pum) when the applied pressure on the diaphragm is progressively

increased. Permittivity of free space is 8.85 pF/m
(8 marks)

Distinguish between diffusion and ion implantation. (2 marks)

A n-type Si substrate with a background concentration of 5%10" cm™ forms the collector of an
npn transistor, The base diffusion cycle consists of a 15-minute constant source boron
predeposition at 1000 °C followed by a 60-minute drive-in at 1100 °C. Use the data given in

Table 1.
Table 1

Temp. Diffusion Coefficient of | Solid-solubility | Solid-solubility of
(°C) boron or phosphorus in | of boron in Si phosphorus in Si
Si (cm’/s) (cm™) (cm™)

1000 3x107™ 1.7x10%° 1x10%

1100 3.1x1077 2.2%10% 1.2x10%

(a) Calculate the base-collector junction depth that results from the above process.
(5 marks)

(b) Is the base diffusion profile likely to be affected by an emitter diffusion? If so, how?
: ' (2 marks)

A sample of Si is doped simultancously with donors (Np = 5x10' cm™) and acceptérs
(N = 4.5x10' em™). Determine the thermal equilibrium electron and hole concentrations at

300 K. Intrinsic carrier concentration n; for Si at 300 K = 10" em™.
' (4 marks)

The IEnd
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CQ/Q - EA C415

BITS PILANI DUBAI CAMPUS

o EA C415 -INTRODUCTION TO MEMS- Quiz 1

Sem?2, 2012-13 CLOSED BOOK Tlme Allowed: 20 mins
Total Marks : 15 Weightage: 5%
INSTRUCTIONS

.

Answer ALL questions. Unless specifically stated, all symbols have their usual meanings.

1.

Use scaling laws to estimate the variations of volumetric flow and pressure drop in a circular
tube if the radius of the tube is reduced by a factor of 10. What happens if the radius is at the

microscale?
(3 marks)

Four piezo resistors are connected in a Wheatstone Bridge arrangement to form a micro pressure
sensor. Draw the typical sensor assembly and the equivalent Wheatstone Bridge circuit. Under

what condition does the bridge exhibit highest sensitivity? Explain.
(4 marks)

Two plates have identical dimensions of L = W = 200 pm with a gap ¢ = 2 pm. The plates are
initially misaligned by 25% in both length and width directions. Pyrex glass is used to fill the gap
between the plates. Dielectric constant of pyrex is 4.7. If the voltage across the platesis 50 V
DC, how much is the electrostatic force on the electrodes, along its length and width directions?

(4 marks)

Explain the action of a micro motor actuated by electrostatic forces.
(4 marks)

The End
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