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PREFACE

This research has been supported by Sripatum University. The researcher will
have a good opportunity and their experience to continue work in a researches area.

The study will concentrate on the design testing MEMS by using the principle
engineering technique, such as static energy, kinetic energy, and etc. Chapter 2
introduces to crash sensor, mathematical for the microaccelerometer testing designed
and describe about each method of tested, then formula to designed the testing of
microaccelerometer. Chapter 3 covering the methodology of the microaccelerometer
testing designed by drop tower or drop test that used a free fall technique. Chapter 4
focuses on the several output of microaccelerometer in different height. Finally,
Chapter 5 Summary and concludes the overall work and outlines the direction for the
future work.

In closing, I would like to express my deep gratitude to all the attendees for
their time and effort, and for sharing their expertise and insight. Special thanks are due
to the members of the Organization Committee, for their efforts in organizing the
workshop and preparing the area report. Finally, I believe that this is a significant

event in the field of MEMS testing.

Akekachai Deesiri
Researcher

February 2008
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ABSTRACT

This research presents a methodology for testing a MEMS accelerometer The
tests results showed a good response signals upon the designed.

Drop testing of micromachined accelerometers experimental has an impact
force from falling. As an object falls from rest, its gravitational potential energy is
converted to kinetic energy. Conservation of energy as a tool permits the calculation of
the velocity just before it hits the surface. This kind of technique will calculated into
the acceleration, or G (acceleration due to gravity). The device was tested and
performed well over its design range (the device was tested over a range of a 1 G to
100 G, where 1 G equals the acceleration due to gravity) by drop tower equipment at

height from 0.01 meter to 1 meter.
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Chapter 1
INTRODUCTION

Rationale for this research

MEMS means different things to different people. The acronym
MEMS stands for MicroElectroMechanicalSystems and was coined in the
United States in the late 1980s. Around the same time the Europeans
were using the phrase Microsystems technology (MST). It could be
argued that the former term refers to a physical entity, while the latter is a
methodology.

With the development of MicroElectroMechanicalSystems
(MEMS), inertial instruments have seen significant progress over the past
decades. The advantages of low cost, low power, small size, batch
fabrication makes MEMS based inertial sensors have a wide range of
applications in automotive, consumer, computer, and navigation markets.
As the most mature MEMS based inertial sensor application, current
MEMS accelerometers have the highest degree of integration, with
sensing elements and electronic interface circuitry on a single chip.

Micromachined inertial sensors are a very versatile group of
sensors with applications in many areas. They measure either linear
acceleration (along one or several axes) or angular motion about one or
several axes. The former i1s usually referred to as an accelerometer, the
latter as a gyroscope. Until recently, medium to high performance inertial
sensors were restricted to applications in which the cost of these sensors
was not of crucial concern, such as military and aerospace systems. The
dawn of micromachining has generated the possibility of producing
precision inertial sensors at a price that allows their usage in cost
sensitive consumer applications. A variety of such applications already
exists, mainly in_ the automotive industry for safety systems such as
airbag release, seat belt control, active suspension, and traction control.
Inertial sensors are used for military applications such as inertial guidance
and smart ammunition. Medical applications include patient monitoring.
Many products, however, are currently in their early design and
commercialization stage, and only one’s imagination limits the range of
applications. A few examples are:



* Antijitter platform stabilization for video cameras;

« Virtual reality applications with head-mounted displays and data
gloves;

* GPS backup systems;

* Shock-monitoring during the shipment of sensitive goods;

* Novel computer input devices;

* Electronic toys.

Many types of micromachined accelerometers have been
developed and are reported in the literature, the some of the fundamental
concepts and techniques that are used in the design of mechanical
microsensors. The most sensing important mechanisms include the
following effects: piezoresistivity, piezoelectricity, variable capacitance,
optical, and resonant techniques, however, the vast majority has in
common that their mechanical sensing element consists of a proof mass
that is attached by a mechanical suspension system to a reference frame.

Acceleration is one of the parameters measured to determine the
effectiveness of automotive safety systems such as seat belts, frontal and
side impact airbags, and other interior designs in improving occupant
protection. The acceleration measurement in safety testing is a challenge
due to the high g shock encountered, the necessity for repeatable, non
shifting output, and the requirement for a small, lightweight unit with a
wide frequency response.

The testing of MEMS can be roughly divided into two main
categories, being the testing of new MEMS microsystems and the testing
of mainstream MEMS Microsystems. The first category compromises
mainstream MEMS microsystems for medium and high volume market.
In many cases the packaging and testing costs of MEMS can reach 80%
of the total costs, and testing alone in the range of 30%. Examples of
these microsystems are accelerometers, gyros, intelligent pressure
sensors, optical switches, ink jet devices and lab-on-a-chip.

The second category is dominated by a vast number of academic
laboratories and industrial using regularly quite exotic processing
techniques. Testing is a relatively rare subject in this community, except
papers on the reliability of some MEMS. One normally does cumbersome
functional tests (characterization) of one or more important functional
parameters. Characteristic in most cases is an absence of knowledge
/interest in potential defects in the devices made in often exotic processes.
It resembles very strong the approach as used in conventional analogue /
mixed signal testing. In this case functional tests of key parameters are



carried out by mixed signal. Which have been adapted in the handler
section with dedicated peripheral equipment. In some cases of safety
critical devices, e.g. airbag Microsystems.

Research objective
- To testing of MEMS accelerometer by exciting an external
acceleration force.
- To improved a designed of MEMS accelerometer.

Significance of the study
The advantage and a limited of the design and testing for Mems
accelerometer.

Research hypotheses

One of the main reasons for the growth of microsensors is that the
enabling technologies are based on those used within the integrated
circuit (IC) industry. Another feature that has influenced the popularity
trend of microsensors is that many (but certainly not all) are based on
silicon (Si). The electrical properties of silicon have been studied for
many years and are well understood and thoroughly documented. Silicon
also possesses many desirable mechanical properties that make it an
excellent choice for many types of mechanical sensor. The production
cost of a commercial pressure sensor, for example, is around 1 Euro, and
this i1s largely because the cost of producing ICs is inversely proportional
to the volume produced.

Scope and delimitation of the study

Testing of MEMS accelerometer by exciting an external
acceleration force from 0 to 100 g at operating frequency 300 Hz .

The testing is used the principle of physical to test MEMS
accelerometer by coupling an electrical signal from an accelerometer at
vast acceleration from the testing equipment.



Definitions
Micro Electromechanical Systems (MEMS) Small machines at micro-

scale
Accelerometer Measuring device for acceleration
Electrostatic Static electricity
Resonance Frequency The frequency at equilibrium object
Silicon Principal component of most

semiconductor devices
Silicon wafer Thin slice of silicon



Chapter 2

Literature Review

2.1 Principle

In the past decade, the designing and manufacturing microelectro
mechanical systems MEMS has been achieved . Among the numerous
applications, automotive airbag is so far the largest market for
micromachined accelerometers. From a historical perspective, MEMS
technology is relatively new and is in many ways not mature. In order to
help its long term successful commercialization, it is important to address
all reliability issues as they appear in order to increase consumers’
confidence and acceptance of MEMS products.

Surface micromachining is having a significant impact on the
miniaturization and cost reduction of micromachined sensors. Many
accelerometers using surface micromachined sensors have been described
and are commercially available. These sensors are based on capacitive.

Many manufacturers are producing MEMS pressure sensors for the
health industry and accelerometers for the automotive airbag application.
Figurel. shows some of these accelerometers.

Figure 1. Accelerometers: ADXL05, MMAS40G10D, Endevco 7592.



Micromachined inertial sensor and actuator devices are often
constructed from multiple polysilicon layers by deposition and etching.
They can also be fabricated directly from silicon wafers by surface
micromachined techniques. To act as an inertial sensing device or an
actuating device, it contains a movable component serving as a proof
mass and a set of springs to support the proof mass in space. The springs
are typically straight or folded slender beams formed together with the
proof mass and are anchored to substrate. When acting as an inertial
sensor, the proof mass is displaced by an inertial force or g force induced
by an acceleration or deceleration.

The displacement of the proof mass results in a change in signal
output. When acting as an actuator, the proof mass is driven by an
external force or an applied voltage to fulfill a specified function.
Typically, the inertial force induced motion in a micromachined
accelerometer is less than 0.1 mm in normal applications, relatively small
as compared to the lateral dimension of 100 to 1000 mm for many of
MEMS devices. Consequently, in normal applications, the structural
deformation is small and the device’s signal output is approximately
linearly proportional to the applied force. For those MEMS devices with
safety applications, an accelerometer for automobile airbag for example,
drop test is a required qualification step to ensure the functionality after
any unexpected drop or impact. One would expect that if a part can
survive a certain type of drop test, it should fulfill its mission, at least
mechanically. The purpose of this paper is to determine the magnitude of
inertial force or g force induced by a mechanical drop and the degree of
structural deformation due to such a force.
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Figure 2. A drop test schematic of a micromachined system.



Acceleration is one of the parameters measured to determine the
effectiveness of automotive safety systems such as seat belts, frontal and
side impact air bags, and other interior designs in improving occupant
protection. The acceleration measurement in safety testing is a challenge
due to the high g shock encountered, the necessity for repeatable, non
shifting output, and the requirement for a small, lightweight unit with a
wide frequency response.

2.2 Mathematical formulas
Positioning Table

Besides the electrical inputs to the IMEMS accelerometer,
mechanical inputs of various g levels are required. The first piece of
mechanical equipment discussed, a positioning table, uses the earth’s
gravitational field and precise angular control to provide a precise static g
level input. Standard free fall is 1 g or 9.806650 m/s2. For precision
measurements, one must know the local value of gravity. To test an
accelerometer in all three axes without changing its fixture position
manually on the positioning table top, it is necessary to use a 2 axis
positioning table. See Figure3 for a diagram of the positioning table. This
positioning table has a computer interface (IEEE-488) for automatic
tester control. It is equipped with slip ring assemblies for the IMEMS
accelerometer control input signals and digital output signals to and from
the IC tester. A positioning table which can provide one milli g resolution,
an IEEE-488 interface, and 48 slip rings

[
o II Ill
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Figure3. Diagram of 2 axis positioning table.




This is the case where the table will only be positioned for k 1 g
static testing. and not rotated continuously. The table can rotate up to 3
Hz in one axis, and when this mode of testing is used, the slip rings are
necessary. For continuous rotational testing, up to 6.9 g can be achieved
in this centrifuge mode of operation at the 3 Hz rate with the maximum
radius of 7.5 inches from the axis of rotation to the accelerometer under
test. The following is the centrifuge equation:

g= N n
2934
where N 1s rotation rate in revolutions per minute and
r is the radius in feet

When controlling the positioning table, it is desirable to specified
the g level input directly. However, most positioning tables require table
angle control signal, so a conversion from required g level to position
table angle is required in the test program. The principal value is found
using a library arc sin function, a simple function consisting of a square
root function and 8" order polynomial was used as follows

60="-1"9 )

(a0+g(al+g(a2+g(a3+g(ad+g(asS+g(ab+ga’)))))))

where a0=1.5707963050
al=-0.2145988016
a2=0.0889789874
a3=-0.0501743046
a4=0.0308918810
a5=-0.0170881256
a6=0.0066700901
a7=-0.0012624911
0 is the angle in radians
g is the desired g level for 1 >g>0



Vibration Machine

For dynamic testing, a vibration machine is used to provide
dynamic g level input. A vibration system with an IEEE-488 control
interface that will provide up to a 40 g sine wave vibration from 35 Hz to
9 kHz. A block diagram of a typical vibration system is show in Figure4.
the electromagnetic driven armature is mainly internal to the vibration
exciter housing. The top of the armature protrudes out of the housing just
enough to attach a a payload (fixture and accelerometer under test) and
provide enough clearance for the maximum displacement of the vibration
exciter. Vibration system ratings are given at maximum peak-to-peak
displacement, maximum force peak, and frequency range. To determine
the maximum g level for any given load, the armature weight must be
taken into account. It is important to note that vibration specification
standards call for displacement in peak-to- peak amplitude, while g level
is specified in zero-to-peak amplitude. It is difficult to get high g levels at
low frequencies because the maximum is placement of the vibration head
is the limiting factor as shown in Figure4.

Control
accelerometer

Control and

Sine wave

controller
(frequency &

amplitude)

Vibration
exciter -

Armature

Power Armature
amplifier drive power

Figure 4 Vibration system block diagram.
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Drop test (Guillotine style)

Impulse and Impact
The impulse of a constant force F is defined as the product of the
force and the time t for which it acts.

Impulse = Ft (3)

The effect of the impulse on a body can be found using Equation,
where a is acceleration, U and V are initial and final velocities respectively
and t 1s time.

v=u+ at (4)
So
F=ma Q)
Ft= m(v-u)= change in momentum
So we can say that

Impulse of a constant force= Ft=change in momentum produced

Impulse is a vector quantity and has the sane units as momentum,
Ns or kg m/s. The impulse of a variable force can be defined by the
integral

Impulse = | Fdt (6)

O —_

where t is the time for which F acts and by Newton's 2" law

F=ma=m L | (7

So impulse can also be written

Impulse = |m—dt (8)
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= [mv],
Which for a constant mass
Impulse = m(v-u) 9)

In summary

t
Impulse = [Fdt = change in momentum produced (10)
0

Suppose the force F is very large and acts for a very short time.
During this time the distance moved is very small and under normal
analysis would be ignored. Under these condition the only effect of the
force can be measured is the impulse, or change I momentum the force is
called an impulsive force.

In theory this force should be infinitely large and the time of action
infinitely small. Some application where the conditions are approached
are collision of snooker balls, a hammer hitting a nail or the impact of a
bullet on a target.

Conservation of linear momentum

Consider the direct collision of two spheres A and B shown in Figure 5

AN [n )
N\

Figure 5 Direct collision of two spheres

B

When the spheres collide, then by Newton's third law, the force F
exerted by A on B is equal and opposite to the force exerted by B on A.

The time for contact is the same for both. The impulse of A on B is
thus equal and opposite to the impulse of B on A. It then follows that the
change in momentum of A is equal in magnitude to the change in
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momentum in B, but it is in the opposite direction. The total change in
momentum of the whole system is thus zero. This means that the total
momentum before and after a collision is equal, or that linear momentum
is conserved. This is called the principle of conservation of linear
momentum and in summary this may be stated. The total momentum of a
system, in any direction, remains constant unless an external force acts on
the system in that direction.

Impact of inelastic bodies

When two inelastic bodies collide they remain together. They show
no inclination to return to their original shape after the collision. An
example of this may be two railway carriages that collide and become
coupled on impact. Problems of this type may be solved by the principle
of conservation of linear momentum.

Momentum before impact = momentum after impact (11)
Impact of elastic bodies

In the last section the bodies were assumed to stay together after
impact. An elastic body is one which tends to return to its original shape
after impact. When two elastic bodies collide, they rebound after
collision. An example is the collision of two snooker balls.

If the bodies are traveling along the same straight line before
impact, then the collision is called a direct collision. This is the only type
of collision considered here.

_.'l.l-l _.'l.li
g ¥ — V3

Figure 6 Direct collision of two elastic spheres
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Consider the two elastic spheres as shown in Figure 6. By the
principle of conservation of linear momentum

Momentum before impact = momentum after impact
miU1+myUs, = M1Vi+MoVs (12)

Where the U are the velocities before collision and the v, the
velocities after collision.

When the spheres are inelastic V; and Vv, are equal as we saw in the
last section. For elastic bodies v, and V, depend on the elastic properties of
the bodies. A measure of the elasticity is the coefficient of restitution e,
For direct collision this is defined as

V, =V
o SN B (13)
u, =u,
This equation is the result of experiments performed by Newton.
The values of e in practice vary from between 0 and 1. For inelastic

bodies e = 0, for completely elastic € = 1. in this latter case no energy is
lost in the collision.

Impact force from falling object
Kinetic energy

Kinetic energy is energy of motion. The kinetic energy of an object
is the energy it possesses because of its motion. The kinetic energy of a
point mass m is given by

Kinetic Energy = %mv2 (14)

Where m = mass of an object

v = velocity of an object
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Kinetic energy is an expression of the fact that a moving object can
do work on anything it hits, it quantifies the amount of work the object
could do as a result of its motion. The total mechanical energy of an
object is the sum of its kinetic energy and potential energy.

For an object of finite size, this kinetic energy is called the
translational kinetic energy of the mass to distinguish it from any
rotational kinetic energy it might possess the total kinetic energy of a
mass can be expressed as the sum of the translational kinetic energy of its
center of mass plus the kinetic energy of rotation about its center of mass.

As an object falls from rest, its gravitational potential energy is
converted to kinetic energy. Conservation of energy as a tool permits the
calculation of the velocity just before it hits the surface.

By conseyvalion of ensngy:
FEzmgf: Energy before = Enengy after

A | 2
KE=0" mgh = —mv_
2 The final
The FIE on both sides | | Enemyisal
telks yon that the final | | Mo eneny

It weinciy doesnl depend
upen fi2 mass.

The velocity just before impact is 1 = Zgh

Ll

1
(i KE = - nv”

v PE =0

Figure 7 An object falls from a rest.

Even though the application of conservation of energy to a falling
object allows us to predict its impact velocity and kinetic energy, we
cannot predict its impact force without knowing how far it travels after
impact.
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PE:mgf;
KE=0

Impact
h walogity

v=2gh

- 'I .
{\} KE= o

tv PE=0

Figure 8 impact force from falling object

From the impact force from falling object. A drop test experiments
as part of the survivability and performance survey, devices are subjected
to severe shock environments first. This allows a pre qualification of the
devices to be performed before actual gun launching. High g testing
consists of both short (shock table) and long pulse (air gun) duration
shocks.

The two are seen as integral to the preliminary survey of
survivability. A simple drop test machine is used to perform the initial
experiments. An elastic cord assists in pulling the drop table toward the
anvil, thereby increasing its energy content at impact.

The machine has the capability of producing up to a 35,000g
environment. To simulate extreme artillery level and tank level launch
accelerations, an air gun (up to 100,000 g’s) is used. The test consisted of
independent launches of an aluminum carrier body by a 4 in, high
pressure air gun. After launch, the carrier body impacts a mitigator and
momentum exchange mass (MEM) to cause the deceleration of the carrier.
Mitigator designs tailor the impact pulse amplitude, rise time, and
duration.



16

| __}——=—Elastic bands

Lift bar

Lift bar guide
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.//
Release mechanism —

/

Shock fixture -

=
Shock fixture guides

Lift motor

|

Shock fixture travel direction

Figure 9 Drop test machine (Guillotine style)

This accelerometer has a 50,000g deceleration limit. All reported
values of shock are referenced to this table mounted accelerometer.
However, this appears to be less than the samples actual acceleration as
described below. A 100,000g accelerometer is also used for experimental
evaluation of the shock experiences within a cavity of potting. It is
difficult to tests. simulate the exact characteristics of gun launch which
last aslong as 8 to 16 ms. These simulated shocks are less than 1 ms in
duration and have a higher rebound effect as compared to real launch
conditions. Our experience has been that, if a part survives a shock table
laboratory experiment, the probability of surviving similar launch
acceleration conditions 1s high.



Chapter 3
Methodology
3.1 Designed a drop tower
As mentioned previously, the drop tower used in the dynamic tests

by used the impact force from falling object. From the designed following
theory of impact force figure 8:

Average impact Force x distance traveled = change in kinetic

energy (15)
For h =1m.
m = 10 kg .
KE . : :
k= N ; d = distance traveled after impact in
aero flex material.
_98J
0.01m.
=9800 N.

4 9800kg.m/ s*
10kg.
-.a=980g.

m = 5kg .

- 49J.
0.01m,

=4900 N.

o 4900kg m/ s’
5kg.

-.a=980g.
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From the results of an acceleration, at a same height (h) 1 m. and
distance traveled after impact around 0.1 m , but the designed vary a mass
(m). The acceleration output after impact are the same value is 980 g.

For mass (m) =1 kg
h=0.2m.

1.9
0.01m.

a_196kg.m/32
1kg .

-.a=1964g.
h=0.4m.

3.92
0.01m.

F =

o 392kg.m/ s
1kg.

-.a=392g.
As the designed show a result has varied by adjust a height (h), but

still the same mass (m) = 1lkg. The acceleration output after impact
change in linear value.



Calculate for density (Mass)

Density for stainless steel (304) p = 8000 kg / m.?

From m = Volumex p

; Volume = WxLxT

m = WxLxT)xp

(WxLxT) = 0
Yo,
;at m

1kg .

3
(WxLxT) = —Xom
8000kg.

(WxLxT) = 0.000125 m.’
- Let the thickness = 0.01 m.

The summary dimension is

0.1118m.x0.1118m.x0.01m. = 0.000125 m.’

We got the dimension of moving part at 1 kg.

VO-OI%IMm. > For m = 1kg.

Figure 10 The dimension for designed of moving part.

19
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That drop tower has four steel rods on which a square stabilizing
plate can slide vertically up and down. The designed starting with basic
theory of kinetic energy A total height of 2.6 m was decided upon so
that acceleration up to 200g could be tested. This height can be increased
or decrease slightly depending on output of acceleration. A sketch of the
drop tower is shown in Figure 11

113 mm

Moving part (Slide Up- Down)

Meed a bush with seif lubricant or
siroke bush (see attached)

2.60m

Base fixed par

L 400 rmm | ]

1 1 :

Figure 11 A sketch of the drop tower
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The main components that make up the drop tower are two 113
mm. X 113 mm. x 10 mm. 304 stainless plates, one 400 mm. x 400 mm. x
20 mm., and four steel rod has 2.6 m x 10 mm. diameter steel rods. One
plate is used as the stabilizing or drop plate to which one end of the
bottom. This plate also serves as a support to add various amounts of
weight. The moving part is slide vertically up and down through steel rod.
The weight of moving part has a 1 kg. Addition weight can put onto
moving part and nuts can be screwed onto the bolts so that the weights
stay connected to the drop plate. The other stainless plate is used as
the top plate of the tower. This plate is essential only for connecting and
stabilizing the four steel rods. The larger stainless plate is used for the
drop tower’s base plate, the base plate stabilizes the slender drop tower
and prevents it from tipping over.

Figure 12 The actual construction of drop tower.
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A drop tower was setup with a 2 meters ruler. It will help to make a
height for starting position of moving plate according to the testing
designed.

3.2 Design a coupling signal

The Micromachined Accelerometer MMA3202 series of dual axis
(X and Y) silicon capacitive, micromachined accelerometers features
signal conditioning, a 4-pole low pass filter and temperature
compensation and separate outputs for the two axes. Zero-g offset full
scale span and filter cut-off are factory set and require no external
devices. A full system self-test capability verifies system functionality.

The features of this device are

Sensitivity in two separate axes: 100g X-axis and 50g Y-axis
Integral Signal Conditioning

Linear Output

Ratiometric Performance

4th Order Bessel Filter Preserves Pulse Shape Integrity
Calibrated Self-test

Low Voltage Detect, Clock Monitor, and EPROM Parity Check

Status

e Transducer Hermetically Sealed at Wafer Level for Superior
Reliability

e Robust Design, High Shocks Survivability

From the features of MMA3202 as a capacitive sensor and 100g.
There are suitable to testing with research objective and the method to
coupling signal has show in figure 12 with a component connection. In
figure 13 has interfacing an accelerometer to microcontroller, in this case
is another method to detect or coupling electrical signal, but the data
output of two method will different in analog signal or digital signal.
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Figure 14 Interfacing Accelerometer to Microcontroller



24

3.3 Setup and install equipment.

Figure 15 MEMS Accelerometer on a PCB testing board.
a) Solder mark on PCB

b) A connector coupling

Surface mount parts and reflow soldering produce a compact
product with high reliability. The PCB has been use as wiring for
electrical signal and output signal of a MEMS Accelerometer as show in
figure 15, the output signal as a voltage can measure thought a connector.
The dimension of PCB has 2 inches X 2 inches.

Figure 16 MEMS Accelerometer in the testing direction
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L

Figure 17 MEMS Accelerometer mounting on the moving plate

The sensor’s direction to test show in figure 16, it is very important
in term to coupling the output signal, The accelerometer measures
acceleration in two axes. This means that acceleration perpendicular to
the plane defined by the axes cannot be detected. The direction is set to x-
direction. Then MEMS Accelerometer mounting on the moving plate, the
plate can go height up to 2 meters.

Figure 18 Supply and digital oscilloscopes to detect an output signal

In figure 18, we used a digital oscilloscope for detect output signal
of the sensor, dc supply used to bias the sensor work.



Chapter 4
Results and analysis
4.1 Result at different force

The acceleration sensor detects the component that results when
the acceleration component due to gravity is subtracted from the
acceleration component due to motion in the direction of the input axis.
However in free-fall, the acceleration component due to motion is the
same as the acceleration component due to gravity.

The electrical signal, as viewed on the oscilloscope, shows the
sensor response, based on the impulsive force. A height in the signal
means the output voltage changes according to an acceleration or a height
of tested. On one of the oscilloscopes channels, we measured the output
signal response from the accelerometer, by AC mode.

Volt/Div =20 mv
Time/Div = 250 ms

Vout =20 mv

FF“L

Figure 19  Output signal at 20 g
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Volt/Div = 20 mv,
Time/Div = 250 ms

Vout =52 mv

Output signal at 83 g

Volt/Div=20mv,,
Time/Div = 250 ms

Vout = 83 mv

27
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Volt/Div =20 mv,
Time/Div = 250 ms

Vout = 100 mv

.......

I—
-

Figure 22 Output signal at 100g
The results, that can be seen in Table 1, showed a peak voltage
between 11 mV to 100 mV, corresponding to different height cause the

difference acceleration or Earth's gravity (g) values.

Table 1 Peak voltage between 11 mV to 100 mV

Earth's gravity(g) | Height (m) | Vou (MV)
10 0.1 11
20 0.2 19
30 0.3 33
40 0.4 39
50 0.5 52
60 0.6 60
70 0.7 72
80 0.8 83
90 0.9 88
100 1 100
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120
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Figure 23 A plot of voltage output versus height

Graph in figure 23 show a good linear responses of the voltage
output to changes in linear Height (m)

4.2 Analysis a results.

The sensor element is a micromachined polysilicon structure
suspended over a silicon wafer by polysilicon springs. The structure
forms a differential capacitor with the wafer below. Acceleration causes
movement of the suspended structure relative to the wafer, and thus a
change in capacitance. The capacitance is measured and converted to an
output convertion block. The sensor achieves high reliability in a small
package by using surface mount parts using a reflow solder process.



Chapter 5

Summary and Conclusion

5.1 Summary

This chapter attempts to summarize the results of this project. In
short, it was successful. We have a working prototype and test equipment,
ready for implementation in the laboratory. In this, the author has fulfilled
the goals of testing of MEMS Accelerometer by exciting an external
acceleration force by drop tower.

A new micromachined acceleration sensor structure was designed,
manufactured and tested. For the laboratory test such as drop tower have
been use for MEMS Accelerometer. The technology used for fabricating
the sensor was typical silicon micromachining technology, using both
silicon surface and bulk micromachining techniques. The maximum
tested acceleration was about 100g, , also with good response results.

5.2 Conclusion

Acceleration is a change in speed. When you push the gas pedal of
a car, and the car speeds up, this is acceleration. 1. The Dual
Acceleration/Tilt Sensor (Accelerometer) measures acceleration by it’s
effect on a small mass. The sensing mass is also affected by
gravity. Because of this, the sensor can be used to measure gravity.

The sensor can be used in shock detection applications and
acceleration detection, being a low cost alternative for the capacitive
solution, which 1s used on a large scale at the moment. Also, it can be
used for vibration detection (for engines and installations) and for
detecting strong acoustic events (noises).
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L ___________________________________________________________________________4
Document Number: MMA32020
Rev 4, 11/2006

Freescale Semiconductor
Technical Data

Surface Mount
Micromachined Accelerometer

The MMAZ202 series of dual axig (X and ) silicon capacitive, micromachined
accelerometers features signal conditioning, a 4-pole low pass filter and
temperature compensation and separate outputs for the two axes. Zero-g offset
full scale =pan and filter cut-off ars factory set and require no external devices. A
full system self-test capability verifies system functionality.

Features

*  Sensitivity in two separate axes: 100g X-axis and S0g Y-axis

* Integral Signal Cenditicning

*  Linear Output

*  Ratiometric Performance

* 4th Order Bessel Filter Preserves Pulze Shape Integrity

* Calibrated Self-test

*  Low Voltage Detect, Clock Monitor, and EFROM Parity Check Status
*  Transducer Hemetically Sealed at Wafer Lavel for Superior Reliakility
*  Robust Design, High Shocks Survivability

Typical Applications

*  Vibration Monitorning and Recording

*  Impact Monitoring

*  Appliance Control

*  Mechanical Beanng Maonitornng

*  Computer Hard Drive Protection

= Computer Mouse and Joysticks

*  Virtual Reality Input Devices

*  Sportz Diagnostic Devices and Systems

MMA3202

MMA32020: X-Y AXIS SENSITIVITY
MICROMACHINED
ACCELEROMETER
+100/50g

D SUFFIX
EG SUFFIX (Pb-FREE)
20-LEAD S0IC
CASE 4T3A-02

ORDERING INFORMATION
Device Temperature Rangs Case No. Package
MMAZIZ0ZD — 40 to +125°C 4T7THA-02 SO4C-20
MMAZZOZDR2 — 40 to +125°C 4THA-02 SOIC-20. Tape & Ree
MMAZI02EG - 4040 +125°C 4754A-02 S01c-20
MMAZ202EGR2 — 40 fo +125°C 4754-02 S01C-20, Taps & Ree!
Al e wic T O = [T]seno
GCel e - - Yot Mz T2 2 [Igwce
Semsce [ | IMegrater | Gain m— Fller | Tee ‘x,-ﬂ MiC TT(2 I
| : | | T —L—q b \m;;]:E 4 7 D:]N.’C
- Lt ===—- ] sTTT|5 16 [Tmc
Control Logic & i
ot SafTest | o EPROIM Lo osctlater [  Cleck Herr [0 j- mm Ll
Trim Circuits Generaior | [y sTaTUS [TT[7 " Twe
—r Vs [T](2 13 [Tmec
Ve [T ® 12 [Twc
Siatus App [T 10 T Vour
Figure 1. Simplified Accelerometer Functional Bleck Diagram Figure 2. Pin Connections

& Freescale Semiconductor, Inc., 2006, All rights reserved.
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Table 1. Maximum Ratings

{Maximum ratings are the limits to which the device can be exposed without causing permanent damage.)

Rating Symbol Value Uniit
FPowered Accsleration (all axss) Gpag 1500 a
Unpowered Acceleration {all axes) Gupa 2000 g
Zupply Voliage Voo 03 t+7.0 W
Drop Test 1! Dgrog 12 m
Storage Temperature Rangs Tslg —40 10 #7125 °c

1. Dropped onto concrete surface from any axis.

ELECTRO STATIC DISCHARGE (ESD)

WARMNING: This device is sensitive to electrostatic
discharge.

Although the accelerometers contain intemal 2 kv ESD
protection eircuitry, extra precaution must be taken by the
user to protect the chip from ESD. A charge of ower 2000 volts
can accumulate en the human body or azscciated test
eguipment. & charge of this magnitude can alter the

MMA3202D

performance or causs failure of the chip. When handling the
accelerometer, proper ES0D precautions should be followsd
to avoid exposing the device to discharges which may be

defrimental to its performance.
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Table 2. Operating Characteristics

(Unless otherwise noted: —40°C = Ty = +105°C, 4.75 < Vg = 525, Acceleration = 0g, Loaded output.]'-”

Characteristic Symbol Min Typ Max Unit
Cperating Qange:sl:_
Supply Voltage'? Voo 475 5.00 525 W
Suwpply Current Ioo L] 5 10 mA
Op=rating Temperature Range Ta -0 — +125 “C
Apceleration Range ¥-adis aFs — 1125 — a
Apceleration Ranges Y-axis dFs — 56.3 — a
Cutput Signal »
Zero g (Te = 25°C, ¥pg = 5.0 V)i VaoFF 2.35 2.5 2.85 W
Zerog Vorry D48 Vpo 0.50 W o 0.54 Vg W
Sensitivity H-axis (Ty = 25°C, Vg = 5.0 W)IE L3 10 20 21 mig
Sensitivity V-axis (Tg = 25°C, Vpp = 5.0 V) 5 =} 40 42 mifig
Sensitivity ¥-axis Sy 3r2 4 4.28 mifighy
Sensitivity V-axis Sy Ta4 ] 5.58 mifighy
Bandwidih Responss f_zam 260 400 440 Hz
Monlinearity MLoa -1.0 — +1.0 % FSO
Moise
RMS (.01 Hz — 1 kHz) NEps: — — 28 mifrms
Power Spectral Density Npan — 110 — wWi{Hz "2}
Clock Moise (without AC load on outputfi® noLs — 20 — mVpk
Self-Test
Cutput Response daT 2.5 12 144 a
Input Low Vi Vag — 0.3 x Vpg W
Inpu‘t —|ig|" - 'Iu"||-| 0.7 = VDD ! '\.":D W
Input Loading'™! Iy —30 —100 —300 e
Responss Time!®! ter — z0 - ms
Statysgi s (10}
Output Low (k54 = 100 pA) View — — 0.4 W
Output High {l554 = 100 wA) Viar Wpp—0.8 — — W
Minimum Supgly Valtage (LVD Trip) Vo 27 3.25 40 W
Clock Monitor Fail Detection Frequency frain 50 — 260 kHz
Cutput Stage Performance )
Electrical Saturation Recovery Timel!"! toe — 0.2 — ms
Full Scale Qutput Range {lg = 200 uA) Veza 025 — Vpop—0.25 W
Capacitive Load Drivel ' CL — — 100 pF
Output Impadancs Zo — 300 — o
Mechanical Characteristics
Transverse Sensitivity' '~ Vxz vz — — 5.0 % FS50
Package Resonance Toke — 10 —_ kHz

1. Foraipaded output the measurements are abszrved after an REC filter consisting of 2 1 k& resistor and 2 0.01 wF capacitor 1o grounda.

2. These limits define the range of opsration for which the part will meet specification.
a

. Within the supply rangs of 4.75 and 525 volts, the device operates as a fully calibrated linear accelerometer. Beyond these supply limits
the device may operate as a linsar devics but is not guaranteed to be in calibration.

4. Thedevice can measure both + and — acceleration. With no input aceeleration the outputis st midsupply. For positive aceeleration the output

will increase above Vppl2 and for negative acceleration the output will decreass below VoglZ.

5. The devics is calibrated at 20g.
2. At clock frequancy =70 kHz.

7. The digital input pin has an internal pull-down cwrent source to prevent inadvertent seif test infliation due to external board level leakages.

2. Time for the output to reach 80% of its final valus after a seli-test is inthiated.

2. The Status pin output is not valid following powsr-up until at lzast one rising edge has been applied to the self-test pin. The Status pin is
high whanaver the self-test input is high, as a means to check the connectivity of the self-test and Status pins in the application.

10. The Status pin output latches high if a Low Valtage Detection or Clock Frequency failure ocours, or the EPROM parity changes fo odd. The
Status pin can be reset low if the salf-test pin is pulsed with a high input for at least 100 ws, unless a fault condition continues to exist.

11. Time for amplifiers o recover after an aceeleration signal causing them to saturate

12. Preserves phase margin {80°) to guarantze output amplifier stabilty.

-
a3

. & measure of the device's ability to reject an acceleration appliad 80° from the true axis of sensifivity.

MMA3I202D
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PRINCIPLE OF OPERATION

The Freescale Semiconductor, Inc. accelerometeris a
surface-micromachined integrated-circuit accelerometer.

The device consists of a surface micromachined
cagacitive sensing cell (g-cell) and a CMOS signal
conditioning ASIC contained in a single integrated circuit
package. The sensing element is sealed hermetically at the
wafer level uging a bulk micromachined “cap™ wafer.

The g-cell iz a mechanical structure formed from
semicenductor materizls {polysilicon) using semiconductor
processes (masking and etehing). It can be modsled as a set
of beams attached fo a movable central mass that move
between fixed beams. The movable beams can be deflected
from their rest pesition by subjecting the system to an
acceleration (Figure 3).

A3 the beams attached to the central mass move, the
diztance from them to the fixed beams on one side will
increase by the game amount that the distance to the fized
keams on the other side decreases. The change in distance
iz @ measure of acceleration.

The g-cell beams form two back-to-back capacitors
(Figurs 3). Az the e=ntral mass moves with acceleration, the
distance between the beams changs and each capacitor's
value will change, (C = MAD). Where A is the area of the
facing side of the beam, ¢ is the dielectric constant, D is the

distance betwesn the beams, and N is the number of beams.
The X-Y device contains two struciures af right angles to
each other.

The CMOS ASIC uzes switched capacitor technigues to
measure the g-cell capaciters and extract the acceleration
data from the difference between the two capacitors. The
ASIC also signal conditions and filters (switched capacitor)
the zignal, providing & high level output voltage that iz
raticrmetric and proportional fo acceleration.

Acceleration —

=

Figure 3. Simplified Transducer Physical Model

SPECIAL FEATURES

Filtering

The Freezcale Semiconductor, Inc. accelerometers
contain an ontxoard 4-pole switched capacitor filter. & Bezsel
implementation is used because it provides a maximally flat
delay regponse (linear phase) thus preserving pulse shape
integrity. Becausze the filter is realized using switched
cagacitor techniques, there is no reguirement for external

passive components (resistors and capacitors) to set the cut-

off frequency.

Self-Test

The sensgor provides a self-test feature that allows the
verification of the mechanical and elecirical integrity of the
accelerometer at any time before or after installation. This
feature is critical in applications such as autcmotive airbag
systams where system integrity must be engured over the life
ofthe wehicle. A fourth “plate” iz used in the g-cell as a =elf-

test plate. When the user applies a logic high input to the self-

t=st pin, a calibrated potential iz applied across the s=li-test
plate and the moveable plate. The resulting electrostatic
force {Fe = /2 Av%id?) causss the center plate to deflect. The
resultant deflection is measured by the accelerometer's
control ASIC and a proportional output voliags results. This
procedure azsures that both the mechanical (g-cell) and
elecironic sections of the aceslerometer are functioning.

MMA3202D

Ratiometricity

Ratiometricity simply means that the cutput offzet voltage
and sensitivity will 2cale linearly with apglisd supply voltage.
That is, as you increase supply voltage the sensitivity and
oiiset increase linearly; as supply voltage decreases, offset
and sensitivity decrease linearly. This is a key feature when
interfacing to @ microcontroller or an A/D convertsr becauss
it provides system level cancellation of supply induced emors
in the analog to digital conversion process.

Status

Freescale accelerometers include fault detection circuitry
and a fau't latch. The Status pin is an output from the fault
latch, OR'd with self-test, and is set high whenever one (or
mare) of the following events oceur:
* | Supply voltage falls below the Low Voltage Detsct (LVD)

voltage threshold

*  Clock oscillator falls kelow the clock monitor minimum

freguency
* - Parity of the EPROM bits becomes odd in number.

The fault latch can be rezet by a rising edge on the self-t2st
input pin, unless cne (or more) of the fault conditions
continues to exist.
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BASIC CONNECTIONS
PINOUT DESCRIPTION PCB Layout
0 STATUS P
w0 20 [ GND = a0
weT |2 1% [T we E % Tal AL I g
"1.'5]:1:] 3 13 ] W E CcuT 1) X E
1 k2 007 A »
NETT |4 T NC % — & aDm 3 '3 g
ST ® 18 [T]ne £ Yor—|R} A 04 wF
*our [T |8 5[] we Vg | 9o 2 [Ef001wr veo |3
sTaTus[T]|7 4 T e Vg |[E 10 wF ©
,'.E]:D : 13 % E o Van
VoD 12
. C | 04 uF
Avgp [T 10 1] Your ot
Power Sueply
Table 3. Pin Descriptions
Pin No. | Pin Name Description Figure 5. Recommended PCB Layout for Interfacing
Accelerometer to Microcontroller
1 thru 3 — Leawve unconnactad.
NOTE:
4 = Mo internal connection. Leave *  Usea 0.1 uF capacitor on Vop to decouple the power
unconnected. SOUCE.
5 sT Logic input pin used to inifiate seff-test. *  Physical coupling digtance of the accslerometer to the
. " o | p— | . micrecontrollsr should e minimal.
ouT Diﬂé? o = = *  Place a ground plane beneath the accelerometer fo
_ reduce noige, the ground plane should be attached to all
7 STATUS | Logic output pin to indicats fault. of the open ended terminals shown in Figure 5.
3 Ves The r supply ground. *  Use an RC filter of 1 kQ and 0.01 uF on the output .of the
accelerometer to minimize clock noise (from the switched
8 Voo The pawer supply input. capacitor filter circuit).
10 AVpp | Powsr supply input (Analog). + PCB Iaymjltof power and ground should not couple powsr
supply noise.
! Your E)ih'ilfi-;;:ha g= of the accsleromater. ¥ +  Accelerometer and microcontroller should not be a high
o current path.
12 thru 18 — Used for factory trim. Leave v 4D sampling rate and any extsrnal power supply
uneonnected. switching frequency should be selected such that they do
17 thra 19 B Mo internal conmection, Leave not interfere -.-._mn t.he infermal accglemm&t&r sampling
uncihe . frequency. Thiz will prevent aliasing ermars.
20 GMND Ground.
Voo MMAZZ02D | L % Status
=
Logic : 2| 5T
input
_ 9 |V Ry ¥ Outpud
ct 10 | &, Sy
0AwF L -
E I\"Ss
— Your Y.Utﬂp.lt
Sigral

MMA3202D
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Dynamic Acceleration Sensing Direction

+¥
wic |1 o 207 &no
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n the X and =Y direction WC T+ A7 T NC Activation of S=if test moves the
[oerier plates move in the =X STTT|s 16 T NC certer plates in the —X and =Y
amd - direction) will resultin 5 ¥ T8 15[ T MC direction, resullieg = an mcreass
an im:::ase inthe Xamd ¥ STATUS [T |7 1 :lj NC n the X and Y oulputs.
outed
= Vs TT| 8 13T e
Yoo [T 2 12 [ 1T NC
Moo [T 0 11 Your
20-Pin 300G Package
N/ pins are recommended 1o be lef FLOATING
Top View
Static Acceleration Sensing Direction
08 87 6 54 3 2 4
O Direction of Sarth's gravity field *
1112 13 14 15 16 17 18 19 20
Front View Sida View

*Vihen positioned as shown, the Earth's gravity will result in a positive 149 outeut in the X channsl.
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MINIMUM RECOMMENDED FOOTPRINT FOR SURFACE MOUNTED APPLICATIONS
Surface mount board layout is a critical portion of the total footprint, the packages will self-align when subjected to a
design. The fooiprint for the surface mount packages musibe solder reflow process. It is always recommended fo design
the correct size to ensure proper solder connection interface boards with a solder mask layer to avoid brdging and
between the board and the package. With the comect shorting between solder pads.
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Figure 6. Footprint SOIC-20 (Case 475A-01)
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PACKAGE DIMENSIONS
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PACKAGE DIMENSIONS

MOTES:

1. DIMENSIOMING AND TOLERAMCING PER ASME Y14.5M—1994.
DIMENZIONS ARE W MILLIMETERS.

2,
A THIS DIMENSION DO NOT INCLUDE MOLD PROTRUSION.
4, MAXIMUM MOLD PROTRUSION 0.15(0.008) PER SIDE

THIS DIMENSION DOES MOT INCLUDE DAM BAR PROTRUSION ALLOWABLE DAM BAR

PROTRUSION SHALL BE 0.13(0.005) TOTAL IN EXCESS OF THIS DIMENSION AT MAXIMUM
MATERIAL CONDITION.

O FREESCALE SEMICONOUCTOR: INC. l MECHANTCAL OUTLINE PRIMT VERSIOM NOT TO SCALE
TWILE 55 o so1e W/B. 1,27 PITCH DOCUMENT NMO: BRASE17933C REV: G
F.0 K. 12. 8, ACCLEROMETER [CASE NUMBER: 4 75A-02 08 JUL 2008
CASE=CUTLINE STANDARD: NON—JEDEC

PAGE 2 OF 2
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How to Reach Us:

Home Page:
warw freescala com

Web Support:
hitp:ffenew. freescale. comisupport

USAIEuropes or Locations Mot Listed:
Freescale Semiconductor, Inc.
Technical Information Center, ELS18
2100 East Elliot Road

Temps, Arizona 55284
+1-800-521-6274 or +1-480-768-2130
www freescale comisupport

Eurcpe, Middle East, and Africa:
Freescale Halbleiter Deutschland GmbH
Technical Information Center
Schatzbogen T

21222 Muenchen, Germany

+44 1206 320 45E|E( English)

+46 5 52200080 (English)

+42 32 92103 552 (German)

+33 1 80 35 48 48 (French)

wnw freescale comisupport

Japan:

Freescale Semiconductor Japan Lid.
Headquarters

ARCO Tower 15F

1-8-1, Shimao-Meguro, Meguro-ku,
Tokyo 153-D064

Japan

0120 121014 or +81 3 5437 5125
supportjapani@fresscale com

AsialPacific:

Freescale Semiconductor Hong Kong Ltd.
Technical Information Center

2 Dai King Strest

Tai Po Industrial Estate

Tai Po, N.T., Hang Kong

+800 268648 8080
supportasiafiresscale com

Far Literature Requests Only:

Freescale Semiconductor Literature Distribution Center

P.0. Box 5405

Denver, Colorado 80217
1-800-441-2447 or 303-575-2140
Fae 303-875-2180

LD CForFreescaleSemiconducton@hibbertgroup.com
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Name
Date of Birth
Place of Birth
Home Address
Position
Office Address
Education

Year 1999

Year 2005

47

Biographies

Mr. Akekachai Deesiri

June 5", 1975

Bangkok, Thailand.

400/428 Phaholyothin Rd., Kukot, Lumlookka, Pathumthani 12130
Lecturer, Electrical Engineering Dept.

Faculty of Engineering, Sripatum University (Bangkhen)

B.Eng. (Electrical Engineering), Sripatum University.

M.Eng. (Microelecronic), Asian Institute of Technology (AIT).
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Earth's gravity(g) | Height (m) | Vou (Mv)
10 0.1 11
20 0.2 19
30 0.3 33
40 0.4 39
50 0.5 52
60 0.6 60
70 0.7 72
80 0.8 83
90 0.9 88
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