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INSTRUCTIONS

1.

This paper contains SEVEN (7) questions and comprises FOUR (4) pages. Answer ALL
questions. Unless specifically stated, all symbols have their usnal meanings.

Ql.

Q2.

Q3.

Q4.

Why is scaling an important consideration in MEMS structures? Discuss the effect of fluid flow
through a channel as the channel dimensions are scaled down. Define Reynold’s number. Why
is it low for flow of fluids in a microchannel?

(3 marks)

What are microactuators? Describe how electrostatic forces in a pair of microplates can
influence microactuation. Explain the action of a microgripper. Two identical plates of L =800
pm, W = 900 um are separated by a gap of 2 pm length. One of the plates is fixed. The plates
are initially misaligned by 15 % along the length and 20% along the width directions. Calculate
the electrostatic forces along the length and width directions for an applied dc voltage of 100 V.
The dielectric medium between the two plates is SiOs.

(6 marks)

A micro resistor is developed by diffusing phosphorus into intrinsic silicon. The length and
width of the opening through which diffusion takes place is 25 pm and 5 pm respectively. The
diffusion cycle consists of a 12-minute constant source phosphorus predeposition at 1000 °C
followed by a 60-minute drive-in at 1100 °C. After predeposition, at what depth is the
phosphorus concentration reduced to 10% of its value at the surface? Assume that the final
diffused layer (after drive-in) is rectangular in cross section with an average phosphorus doping
concentration of 0.75C,, where C, represents the final doping concentration at the surface.
Determine the value of the micro resistor that is fabricated. If it is required to increase this
resistance, what changes in the process are required?

(8 marks)

‘When a uniform pressure loading is applied to a rectangular plate with all edges fixed, it can be
shown that maximum stress (Gyy)max ©ccurs at the center of the longer edges and maximum
deflection wp,, of the plate occurs at the centroid.

The terms o and B that refer to the coefficient for maximum deflection and maximum stress
respectively, are given in table below for different length-to-width ratios of the plate:

a’b 1 1.2 1.4 1.6 1.8 2.0 oo
o 0.0138 0.0188 0.0226 0.0251 0.0267 0.0277 0.0284
B 0.3078 0.3834 0.4356 0.4660 0.4872 0.4974 0.5

An experiment is performed with a square silicon diaphragm with a 500 pm edge subjected to a
pressure loading of 20 MPa. The diaphragm has a thickness 15 pm. Young’s modulus for
silicon is 190000 MPa. Determine the maximum deflection and the maximum stress produced.
Why is a circular diaphragm favoured over rectangular diaphragm?

(4 marks)




Q5.

Q6.

Q7.

It is desired to fabricate a square silicon diaphragm. The top and side views of the diaphragm
are shown in Figure 1:
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Figure 1
Explain, by clearly mentioning each process step, how the diaphragm can be fabricated.

(5 marks)

A wet etchant is formed by adding 25 grams of water to a 90 gram mixture of 49.2% HF and
69.51% HNO;. The mixture has a single-sided etch rate of 5.75 pm/min in silicon. Determine
the composition (in wt %) of the etchant used. How much additional HF (in grams) is to be
added to the existing mixture so that the etch rate can be increased to 76 um/min?

(6 marks)

. + HCH, 0, diluent
— —— H,0 diluent

R0 080 S5 dp 30 0 10
~—— Weight %.ééiuem

Figure 2

Explain with a neat sketch, the working principle of a micro-accelerometer, Name one
application of the same.
(3 marks)
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0.02| 0977435 0521 0462161] 1.02] 0.148152] t52) 0.031567) 2021 0.004281) 252| 0.000365| 3.02] 0.00001947
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Appendix

Table of Physical Constants and selected properties of microelectronic materials

Symbol Value Units
Boltzmann’s constant kg (or k) 138 x 1075 J/K
Electronic charge q 1.6 x 1071 C
Electron-volt 1eV 1.6 x 107" ]
Free electron rest mass Mg 9.1 x 107! kg
Permittivity of free space & 8.85x 107" F/em
Planck’s constant h 6.626 x 107> Js
Speed of light ¢ 3.0 x 10° m/s
Thermal voltage (7= 300 K) kT/q 0.0259 v
Dielectric constant of Si &si 11.8
IS%itomlc density of c, 5% 102 om™
Dielectric constant of Si0, Eox 3.9
Dielectric constant of TiO; Erox 80
Intrinsic carrier concentration in " 101 em
Siat300K ’
Diffusion Coefficient of boron or D or D 3x107 at 1000°C em®s
phosphorus in Si BETEP 3 11071 at 1100°C
Solid-solubility limit of c 1x10* at 1000°C I
phosphorus in Si oF 1.2x10%" at 1100°C
Solid-solubility limit of boron in c 1.7x10% at 1000°C e
Si s 2.2x10%° at 1100°C
Mobility of electrons in Si H 1350 em?V's?
Mobility of holes in Si ~ 450 em? Vs

End of Paper
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BITS PILANI DUBAI CAMPUS
EA C415 -INTRODUCTION TO MEMS- Test 2

Seml, 2012-13 OPEN BOOK Time Allowed: 50 mins

Total Marks : 20 : Weightage: 20%
INSTRUCTIONS

1. This paper contains Four (4) questions and comprises ONE (1) page. Answer ALL questions.

Unless specifically stated, all symbols have their usual meanings.

The circular diaphragm of a thin micropressure sensor is made of some material. The thickness
of the diaphragm is 13.887 um and diameter is 600 pm. The diaphragm has its edge rigidly fixed
to a silicon die. What is the maximum pressure that can be applied on the diaphragm without
exceeding the plastic yielding strength of 7000 MPa for the material. Hence determine the
maximum deflection that can be obtained with the diaphragm under the limiting condition.
Young’s modulus for the material = 0.7 x 10" Nm™. Poisson’s ratio v = 0.3

{ 4 marks)

Estimate the equivalent spring constant k and the natural frequency w, of a cantilever beam
element in a microaccelerometer, having a beam length is 1000 micrometer with a mass of 10
mg at the end. The beam is made of silicon whose Young’s modulus is 190000 MPa.

(6 marks)

If the cantilever is enclosed in a damping fluid, what effect will it have on the

microaccelerometer described in Question 27
(4 marks)

Describe clearly by indicating each process step, the fabrication of a double micro cantilever as
shown in figure below, using surface micromachining process. What are the mechanical

problems associated with this process?
(6 marks)

.

End




EA C415

BITS PILANI DUBAI CAMPUS
EA C415 _-INTRODUCTION TO MEMS- Test 1

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

INSTRUCTIONS

1.

This paper contains FIVE (5) questions and comprises TWO (2) pages. Answer ALL questions.
Unless specifically stated, all symbols have their usual meanings.

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 d = 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 plates is
50 V DC, how much is the electrostatic force on the electrodes?

(3 marks)

A p-type region is diffused in an n-Si wafer. The doping concentration in the p region is
10" em™. Assume mobility of holes in Si as 500 em®V's™. The dimensions of the diffused region
are 2pm X 2pm x Imm.

Alominum contacts

e N

Figﬁre 1
(a) Determine the resistance of the diffused Si layer measured across the length (2 marks)

(b) Explain with intermediate steps, how the diffused layer can be realized through
microfabrication techniques. Highlight the role of photolithography in the process (6 marks)

(c) Silicon has a peizo resistance ® = 101° cm*/dyne. The fractional change in resistance due to
an applied stress o is given by n.c. What will be the resistance of the diffused layer due to an
stress of 5x10® dynes/cm® ? (2 marks)

Distinguish between constant source and limited source diffusion. A predeposition cycle with a
certain dopant produces a dose of 10'? em™. A drive-in is done at 1000°C . The dopant
concentration at the surface after drive-in is 10! cm™. For how long is the drive-in performed?
Assume that the diffusion coefficient of the dopant in the sample at 1000°C 10 cm?/s

(3 marks)
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Figure 2 shows the isoetch curves for silicon using the HF: HNOs: diluent system. A wet
etchant, formed by adding 4 grams of water to a 16 gram mixture of 49.2% HF and 69.51%
HNOs, is observed to have an etch rate of 76.3 pm/min in silicon. Determine the composition
(in wt %) of the etchant used. If more water is added to the mixture, indicate a straight line on the
figure along which the composition of the mixture would change. (5 marks)

HC; H;0, diluent
— — = H,0 difuent

) ' "“ ‘{‘,;
Wi S J ,"\ -"; ", ’
7 / i N/
10 f——5% ' -
f; o ’ v | N,
= S/ W% AT L

X \\ ;-J 5 F S .. : \;

00 80 70 60 50 40 30 20 16
—~=———— Weight 9% diluent

Etch rates mentioned are for double sided etching in Si and expressed in pm/min

Figure 2

The End
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BITS PILANI DUBAI CAMPUS
EA C415 - INTRODUCTION TO MEMS - QUIZ 1
Seml, 2012 2013 CLOSED BOOK Time Allowed: 20 mins
Total Marks : 10 Weightage: 5%
INSTRUCTIONS

This paper contains 3 (3) questions. Answer ALL questions. Unless specifically stated, all symbols
have their usual meanings,

Q1.  The Hagen Poiseuille equation describes the rate of volumetric flow of fluid Q as a function of
pressure drop AP over a length L of a conduit is expressed as Q = [ra*AP)/{[8uL], where a is the
radius and p the viscosity of the fluid. Use scaling laws to estimate the variations of the flow and
pressure drop if radius of the tube is reduced by a factor of 10. What will happen to the pressure drop
if the tube radius in the order of pm?

(3 marks)

Q2 Describe with a suitable sketch, the working principle of a microgripper where the gripping forces are
provided by normal forces or in-plane forces on a pair of parallel plates.

(3 marks)

Q3.  Differentiate between constant source and limited source diffusions. On a n-type Si wafer with
background concentration 1x10" cm™ excess boron is deposited at 975 °C for 60 minutes. The solid

solubility of boron in Si at 975°C is 3.5x10%° em™. Diffusion coefficient of boron in Si at 975°C is
1.5x10°" cm®/s. At what depth is the junction formed?

(4 marks)
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