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Abstract

Humidity sensors are very essential in many industrial processes and household
appliances. They enable system operators and control mangers to fully monitor their
processes in the industry. However, these sensors are miniaturized to be in micro-scale
units due the development of micromachining technology. As a consequence, the sizes
and the performance of the sensors have been drastically improved to be compatible with
various complex systems. Whereas, the cost of the sensors have become much lower.
Such devices are called Micro-Electro-Mechanical Systems (MEMS). There are many
types of MEMS-Based humidity sensors such as capacitive humidity sensor and
Piezoresistive humidity sensor. This research work describes the performance of a
capacitive MEMS-Based humidity sensor that is fabricated using PolyMUMPS process
which is a three-layer surface micromachining process. Therefore, the key purpose of
this project is to mechanically and electrically characterize a MEMS-Based capacitive
humidity sensor that it is actuated using electromagnetic actuation method based on
Lorentz force principle. The designed integrated sensor encompasses of a sensing element
and a capacitive readout circuit. To fulfill the project objectives, the available device has
been mechanically and electrically characterized and its resonating plate is drop-coated
by TiO. (Titanium Dioxide) which is a water-absorbing substance. Furthermore, a
simulation of the actual device has been performed using CoventorWare software. The
Theoretical values and the simulated values of the mass and the natural frequency of the
resonating plate of the MEMS-Based device showed a great agreement. Consequently, an
experiment has been carried to test and study the response of the humidity sensor to

relative humidity throughout this research work.
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Chapter 1: Introduction

1.1 Background

Humidity is the presence of water vapor in air. The amount of water vapor in air disturbs
human comfort and affects most of the physical, chemical, and biological processes in
industries. Humidity sensing plays an integral role in most of industrial processes. The
measurement of humidity in industries is very crucial as it may have an impact on the
production costs as well as the health and safety of the personnel. Therefore, controlling
and monitoring humidity is of utmost significance for the reliability of operation systems
and the optimization of processes in domestic and industrial applications [1]. For instance,
humidity sensing is required in chemical gas purification, paper and textile production,
pharmaceutical and food processing, and respiratory equipment. In all of the
aforementioned applications and many others, humidity sensors are used to provide an

indication of the moisture levels in the environment.

There are several existing types of humidity sensors such as resistive humidity sensors,
capacitive humidity sensors, thermal humidity sensors, piezoresistive humidity sensors,
optical humidity sensors, and so forth [2]. Capacitive humidity sensors are extensively
used amidst them because of the advantages of having low power consumption, long-
range stability, and great performance [3, 4].

Due to the marvels of advanced technology in our modern era, as such sensors in micro
scale units which are usually fabricated using MEMS technology are highly demanded.
Micro-Electro-Mechanical Systems (MEMS) are miniaturized devices and systems which
are fabricated using micromachining techniques. MEMS devices have critical physical

dimensions in the range of 100 nm to 1 mm [3].



PolyMUMPs is a standard process of fabricating MEMS devices and systems. The
uniqueness of the PolyMUMPs process in fabricating MEMS devices is centralized
around its compatibility with many systems and ability to support different designs on a
single silicon wafer [5]. Figure 1 shows an SEM image of a MEMS device that has been
successfully fabricated using this latest technology was designed in UNIVERSITI
TEKNOLOGI PETRONAS.
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Figure 1: SEM image of the MEMS device

The PolyMUMPs process encompasses of seven physical layers and eight lithography
levels. The seven physical layers include one silicon nitride layer, 2 deposited oxides
layers, 3 polysilicon layers, and one metal layer [6]. The Nitride layer provides an
isolation between the silicon substrate and the electrical surface layers. The polysilicon
layers are used as the structural material while the metal oxide layers consist of
Phosphosilicate Glass (PSG) which is used as sacrificial layers and finally the metal layer

provides electrical connection to the package [5].



1.2 Problem Statement

Most of the humidity sensors which have been fabricated using MEMS technology are
designed based on principles of capacitive, resistive, and piezoelectric elements.
However, the resistive humidity sensor is susceptible to temperature hence, some error
percentage in the sensor measurement is expected. Moreover, the CMOS-MEMS based
piezoresistive humidity sensor has some drawbacks. These disadvantages are presented
in the heater used for the electro-thermal actuation which increases the energy
consumption of the device. Furthermore, the piezoresistive sensor is temperature sensitive
which means that when the temperature increases, the sensitivity reduces and the
resistance increases accordingly. Nevertheless, capacitive humidity sensors are not
affected by changes in temperature and they have less power consumption, high
sensitivity at low moisture levels, and fast response time [4]. The device is small in size
(micro-scale) and it is required to investigate the effect of several factors during the
operation of the humidity sensing. For example, the impact of device operating
temperature and applied AC signal during experimental measurements on the humidity

that affects the response of this sensor.

1.3 Objectives and scope of study

The general aim of this research work is to experimentally characterize the MEMS-
Based humidity sensor. The specific objectives of the project are:

1) To mechanically and electrically characterize the fabricated device.
2) To test the device response to the presence of humidity in the environment.
3) To compare the experimental results with the simulation and theoretical values.

The scope of this study is to primarily characterize the device mechanically and
electrically. Mechanical characterization of the device involves the calculation of its
resonance frequency, mass of the resonator, spring constant, and amplitude change.
While, electrical characterization covers the measurement of the output capacitance and
the capacitance to voltage conversion. Secondly, the device response to humidity will be
measured in testing chamber. Finally, the results obtained from the experimental work

will be compared with the modeled and simulated values.



Chapter 2: Literature Review

A MEMS device has been successfully designed in UNIVERSITI TEKNOLOGI
PETRONAS using three-layer polysilicon surface micromachining PolyMUMPs process.
The device is designed to sense and measure relative moisture levels in the environment
for various applications. The sensing principle of the PolyMUMPs device is based on
capacitive sensor and it is intended to be actuated using electromagnetic method based on
the Lorentz Force principle. Figure 2 shows the schematic of the top view of the fabricated
MEMS humidity sensor.
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Figure 2: Schematic of the top view of the MEMS device.

The PolyMUMPs process comprises of seven consecutive layers which are Silicon
Nitrate, Poly 0, Poly 1, Poly 2, 1 Oxide , 2" Oxide, and the metal layer [5]. However, in
the design of this PolyMUMPs device, poly 1 and poly 2 layers are combined together



and there is a gap of 1.5 u m between poly 0 and the two combined layers .The schematic

of the cross-section view across AA" of the humidity sensor is illustrated in Figure 3.
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Figure 3: Schematic of the cross-section view of the MEMS device.

Figure 4 below shows the SEM image of the side view of the actual fabricated device

viewing the 1.5 u m gap between poly 0 and poly 2 layers.
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Figure 4: SEM Image of the side view of the Fabricated Device.



Electromagnetic actuators in MEMS devices produce mechanical energy on the moving
plates by exploiting the electrical energy applied to the system [7]. The magnetic actuation
of the PolyMUMPs device is performed by supplying an AC current through the gold
metal layer on the device beams. The AC current passes through a magnetic field that is
generated by placing two magnetic on the sides of the device. Consequently, a force
(Lorentz Force) is generated perpendicular to the current direction and the magnetic field.

The generated force is obtained by the following formula:
F=ilxB (1)

Where F is the Lorentz force, i is the current carried by the wire, [ is the length of the

electric wire, and B is magnetic field.
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Figure 5: Schematic of Lorentz force principle



The actuation will yield a mechanical energy that generates vibration on the plate, thus
the spring constant and the natural frequency are obtained for this device. The sprint

constant of this device is calculated using the following formula [8]:

Ewt?

k=4 B )

Where E is the young’s modulus, w is the width of the cantilever beam, t is the thickness
of the beam, and | is the length of the beam [8].
The mass of the resonating plate is computed using the following formula [9]:

m=pxV (3)

Where p the density of the resonating is die, and V is the volume of the moving plate.

Subsequently, the resonant frequency of the device is calculated as shown below:

R LS
" 27z\m “)

Where f,. is the resonant frequency, K is the stiffness, and m is the mass of the beams and
the plate.

The humidity sensing principle of the fabricated device is based on the change mass of
the resonating plate which results in changing the distance between poly 0 layer and poly
2 layer as shown in Figure 5. When the coated active layer TiO, (Titanium Dioxide)
absorbs water molecules from the surrounding environment, the weight of the moving
plate increases which decreases the distance between the two layers and the permittivity
of the dielectric material increases [1, 10]. As a result, the capacitance of the coated active
layer will vary accordingly. The capacitance of the sensing element on the moving plate
is obtained using the following formula [9]:



C: o~r (5)

Where C is the capacitance in Farads, ¢, is the permittivity of air, &, is the permittivity
of dielectric material, A is the area of plate, d is the distance between plates in meters.

The output capacitance is monitored and measured using the capacitance readout circuit
IC (MS3110). The MS3110 is a chip that is responsible for sensing the change in the

capacitance and providing an output voltage proportional to that change [11].
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Figure 6: MS3110 Universal Capacitive Readout IC
The output voltage from the MS3110 readout circuit is calculated as follows:
CS2, =Cs1,, +Cs1 (6)
CS2, =CS2, +CS2 (7)
v, = 10.26x (CS2,; —CS1,) Ry ®)

C ref
F

Where V, is the output voltage, (CS2; — CS1y) is the difference between the input sense

capacitance, V,.. is the reference voltage, and Cr is designated to enhance the input sense

capacitance range, Cr > 1.5pF.




Chapter 3: Methodology

3.1 Project Flow Chart

Literature review on MEMS Humidity
sensors and PolyMUMPs process

e

Proposed PolyMUMPs device design

|

Characterize the fabricated device
experimentally

l

Compare the experimental results with
the simulation and theoretical values

l

Test the response of the device to the
presence of humidity

No

Results

validated?

Final report writing

I

9




3.2 Mathematical Modeling

Mathematical modeling of the MEMS device is performed in order to obtain the
resonance frequency and the mass for the moving plate of the device. The moving plate
of this device consists of two layers which are the metal layer (Gold) and the poly 2 layer.

Table 1 below shows the Young’s Modulus values and the density for the moving die

layers.
Layer Young’s Modulus (GPa) Density (Kg /m?)
Polysilicon 70 2328
Gold 78 19300

Table 1: Young's Modulus and density of the layers

The dimensions of the resonating die are presented in the following table:

Component Width (z m) Length (. m) | Thickness (u« m)
Plate (Polysilicon layer) 180 322 3.5
Plate (Gold layer) 180 322 0.5
Beam (Polysilicon layer) 4 410 3.5
Beam (Gold layer) 2 410 0.5

Table 2: The dimensions of the resonating die

The guided beams of the device consist of two layers with different materials which are
polysilicon and gold. Therefore, the average Young’s Modulus is required to be calculated
in order to find the spring constant of the four guided beams in equation (2). The average
Young’s Modulus of the beam materials is obtained by the following expression:

_ E,t, + Egt,

ave
t

E

(9)

total

10



Where E, t, and are the Young’s Modulus and the thickness of the polysilicon layer,
while, E and t; are the Young’s Modulus and the thickness of the gold layer respectively

[9]. The expression for the mass is shown in equation (3), however, the resonator
comprises of the plate and the guided-beam. Hence, the overall mass of the resonator of

the device is given by [12]:

39
m :pavewplptp +F5pavewblbtb (10)

Where w_, | t are the plate width, length, and thickness, whereas, w, , I, t, are the beam

width, length, and thickness respectively, p,,. 1S the average density of the resonating
plate which is obtained by the following formula [9]:
_P ptp tp gtg
pave - (11)

total

Where p, is the density of the polysilicon and p, is the density of the gold [9]. Therefore,

the resonance frequency of the resonator is obtained by substituting equations (2) and (10)

in equation (4) which gives the following expression:

1 E_ . wt®
fr — 272- 4 ave 39 (12)
3
I ><(/)avewplptp +105pavewb|btb)
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3.3 Device Simulation

The MEMS device is simulated using CoventorWare software. Figure 7 shows FEA
simulation of vertical displacement at resonant frequency which is created in the designer

part of the CoventorWare software.

I
. [ I [
Modal Displacement Mag.: 0,0E+00 25601 5.06-01 7.56-01 1.0E+00
o COVENTOR

Figure 7: FEA simulation of vertical displacement at a resonant frequency of 5.13 KHz

The next step in the simulation process is to mesh the resonator of the MEMS device. As
a consequence, the geometry of the structure will be reduced to a group of simpler finite
elements so that precise simulation results can be achieved. The simulation results

indicate a maximum displacement of approximately 1 x m at the center of the resonator.
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3.4 Experimentation setup of the device

The PolyMUMPs die was glued to a Printed Circuit Board (PCB) in order to connect the

desired device to the laboratory equipment for testing as shown in Figure 8 below:

PolyMUMPs Die

g . U

200000200800880688880000800000

Figure 8: PolyMUMPs Die glued to a PCB

3.4.1 Drop-coating of Titanium Dioxide (TiOz2)
TiO2 is used as humidity-sensing film which is coated on the metal layer of the moving
plate of the device to absorb water molecules from the atmosphere. TiO2 is manually

drop-coated on the resonating plate using the device shown below:

Figure 9: Leica Microscope and coater
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3.4.2 Device Wire-Bonding

The pads of the moving plate were manually wire-bonded by gold wires to the Printed
Circuit Board using the device shown below:

Gold wires Wiring the Pads of
3l the resonating plate

Wiring the Pad of the
lower layer (poly 0 )

Figure 11: Wiring the pads of the device
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3.4.3 Connectivity Test and Resistance Measurement

After wire-bonding the device using the wire bonding machine shown in Figure 10, then
the connectivity of the wired pins were examined using 34410A Agilent Digital
MultiMeter (DMM) and the resistance between the two ports are measured and found to
be 16.62 Ohms .

|
i

Figure 12: DMM used for testing connectivity and resistance measurements

3.4.4 Testing the device response to relative humidity

The device was connected to a Universal Capacitance Readout IC MS3110 from Irvine
Sensors. The readout circuit can be interfaced to a single capacitive sensor or a differential

capacitor pair [11].

Figure 13: The connection of the IC MS3110 to the device

15



In this research work, it is interfaced to a single capacitive sensor by connecting the
resonating plate to one end of the readout circuit and the lower layer (Poly 0) to another
end of the circuit. Figure 12 shows the connection of the IC MS3110 to the device. In this
part, the response of the device to relative humidity is examined using bench-top type SH-
242 temperature and humidity chamber as shown in Figure 14. The dimensions of the
testing chamber are 300x 300x 250 mm. The device is put inside the chamber and then
an alternate current supplied with 0.8V,.p sinusoidal signal with a frequency of 4.5 KHz
to be actuated and driven to dynamic mode. The relative humidity of the chamber is
programmed to be varied from 30% RH to 90% RH with step change of 10% RH while
the temperature is kept constant at 27°C (room temperature). The time for each step
change of 10% RH is 5 minutes and it remains constant at each step change for 3 minutes
in order for the reading of the output voltage in the SR770 FFT Network Analyzer to
stabilize. The time taken to measure the output voltage while changing the relative

humidity and keeping the temperature constant is 66 minutes.

Figure 14: Temperature and Humidity Chamber
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Figure 15 shows a permenant magent that was placed near the device in order to generate
static magentic field which actuates the resonator when an input AC current is applied to

the pads of the device.

Figure 15: Permanent Magnet fixed near the Humidity sensor

The schematic drawing of the experimental setup of the device is shown in Figure 16
below:

Frequency
Generator Power Supply SRZ Network Analyzer
HO =
(53 2] [nE E
Humidity Sensor et
—
Humidity &
Temperature
Chamber * PC
M53110
Programmable Board
Figure 16: Schematic drawing of the experimental setup
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Finally the humidity sensor was put inside the humidity chamber and then connected to

other laboratory equipment as shown in Figure 17:

Figure 17: The connection of the humidity sensor to the laboratory equipment
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3.5 Gantt Chart

Week
Tasks

Project Allocation

Meetings and Discussion

Research

Extended Proposal

Characterization of the
fabricated device

Proposal Defense

Interim report submission
(Draft)

Interim report submission
(Final)

Table 3: Gantt chart of FYP |

Week
Tasks

TiO2 Drop Coating

Simulation of the device

Validate the results

Meetings and Discussion

Progress report
Submission

Pre-SEDEX presentation

Final report submission

Soft bound dissertation
submission

Technical report
submission

Hard bound dissertation
submission

Table 4: Gantt chart of FYP 1l
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Chapter 4: Results and Discussion

4.1 Theoretical and Simulation Results

The total Young’s Modulus, the average density, and the spring constant for the resonator
beams are computed to be 78 GPa, 6571kg/m?, and 0.67932 N /m, respectively. The

calculated and the simulated resonance frequency and the effective mass of the resonator

are illustrated in the table below:

Parameter Symbol | Calculated Value | Simulated Value Unit
Average Young’s E.e 78 78 GPa
Modulus
Average density P 6571 6571 Kg/m?®
Spring constant k 0.67932 0.67932 N/m
Mass of the resonator m 6.123x 107%° 6.237x107"° kg
Resonance frequency f 5.301 5.130 KHz

Table 5: Calculated and the Simulated values of the resonator parameters

The theoretical resonant frequency of the resonator is found to be 5.301 KHz prior to the
drop coating of TiO2 (With no mass loading), while the simulated value is 5.130 KHz
which yields a percent error of 3.33%. Besides, the calculated value of the resonator
effective mass is 6.123x 107*° kg, whereas the simulated value is 6.237 x 10 which gives

1.8 % of error. The error of percentage in the results occurs due to some fabrication errors.
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4.2 Drop-coating of TiO-

The figure below shows the device after drop-coating TiOz on its resonator. The Titanium
Dioxide coated on the resonating plate was kept for 4 days to dry under room temperature.
After the TiO2 was fully dry, the movement of the resonating plate was tested using the
optical microscope to make sure that there was no damage to the shuttle during the drop-

coating process.

Figure 18: Drop-coating of TiO2 on the resonator

4.3 Experimental Results

The experimental results obtained by testing the response of the humidity sensor to the
presence of relative moisture levels in the humidity chamber. When the sensing film
(TiO2) on the moving plate absorbs water molecules in the humidity chamber, it becomes
heavier and thus the distance between the moving plate and the lower plate will be varied
accordingly resulting in change in the output capacitance. Nevertheless, the capacitance
to voltage circuitry provides change in the output voltage in response to the change in the

capacitance.

The experiment was run by applying different frequencies to the MEMS device in the

testing chamber while visually observing the movement of its moving plate under the

21



Microscope. The plate of the MEMS started resonating at a frequency of approximately
4.5 KHz which is close enough to the resonance frequency value that was obtained from
the simulation (5.13 KHz). The figures below show the plate when it is in dynamic mode
under the effect of resonance frequency and when it is in static mode when the applied

frequency is less than the resonance frequency of the device.

.
Q
(=]

D - m
Figure 19: The plate of the device is in static mode at a frequency that is less than the
resonance frequency
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=

Figure 20 : The plate of the device is in dynamic mode at the resonance frequency
(4.5 KHz)
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Then the response of the humidity sensor to the presence of humidity has been tested
inside the testing chamber for 66 minutes. An alternate current was applied with 0.8V

sinusoidal signal at a frequency of 4.5 KHz to be actuated and driven to dynamic mode.

Relative Humidity Vs Output Voltage

700
2 _
680 R? = 0.8835
660
N
g 600 ®
& 620 y = 2.095x + 485.27
[1°]
2 600
>
5 580
g
3 560
540 °
520
500
20% 30% 40% 50% 60% 70% 80% 90%

Relative Humidity (%RH)

Figure 21: Relative Humidity Vs Output Voltage Graph

The graph shows a good linear correlation value of 0.8835 and a sensitivity of 2.095
mV/RH%. The output voltage is found to be 540 mV when the relative humidity in the
chamber is 30% and then the relative humidity is increased with a step change of 10%
while the temperature of the chamber is kept constant to 27 °C till it reaches 90% which
gives an output voltage of 676.4 mV.
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Chapter 5: Conclusion and Recommendation

In conclusion, the problem statement and the objectives of this project have been clearly
defined. The device has been successfully characterized mechanically and electrically .
The theoretical values and the simulation values for the resonance frequency and the
effective mass of the resonator were obtained. The theoretical and simulation values of
the effective mass show a great agreement with a percentage difference of only 1.8%.
Whereas, calculation and simulation values of the resonance frequency indicates small
difference percentage of 3.33%. The response of device to the presence of the humidity
in the environment has been examined and studied. The experimental value of the
resonance frequency was visually observed when the device’s plate started to resonate.
Therefore, the resonance frequency that is actually able to drive the plate to its dynamic
mode is approximately 4.5 KHz. However, the experimental resonance frequency value
slightly varies from the theoretical and simulation values which are 5.301 KHz and 5.13
KHz, respectively. This slight difference in the resonance frequency values is due to some
fabrication error. Subsequently, the experiment was run and the output voltage is found to
be 540 mV when the relative humidity in the chamber is 30% and then the relative
humidity is increased with a step change of 10% while the temperature of the chamber is
kept constant to 27 °C till it reaches 90% which gives an output voltage of 676.4 mV. The
results achieved from the experiment were illustrated in a linear graph which shows that
when the relative humidity increases in the testing chamber, the output voltage obtained
from the Readout circuit increases accordingly. Besides, the linear graph displays great

correlation and sensitivity values of 0.8835 and 2.095 mV/RH% respectively.

It is recommended to examine the response of the sensor to the change of temperature in
the testing chamber. Furthermore, the effect of weather and temperature change on
humidity sensing must be observed and studied. Finally, the hysteresis effect for the
Relative Humidity vs Output Voltage graph must be obtained in order to confidently

validate the accomplished results.
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Appendix A — MS3110 Universal Capacitance Readout

MICRO“LENSORS

MS3110 Umiversal Capacitive Readout™ IC

Description:

The Universal Capacitive Feadout™ IC (MS3110) is a general purpese, uitra-low noise CMOS IC
mtendsd to suppart a varielty of MEMS sensors that require a high resoluiton capacitive readout
interface. The M53110 requires only a single +3VDC supply and some decoupling compooents. Mo
additional components are required

MEMS sensors (swch as acceleromsters, rate sensors, and other sensors that can be modeled as vanable
capacitors) require a readout elecmomic inferface that can sense small changss n capacitance. The
M53110 is capable of sensing capaciance changes down to 4.0 aFriHz, typical.

The M53117 mierfaces to elther a differential capackior pair or a single capacitve sensor. A high-level
woltage onotpeat sipnal that is hinsar with foll anze of sense capacitance is provided. The M53110 alzo
includes an on-chip capacitve DAC {up to 10pF) for initial differential adjustments and'or for quasi-
differential operation with a dummy capacitor. The M353110 has provisions for rmmming the gain and
output offset. Bandwidth is also user programmable. An on-chip EEPROM is provided to store mim
and program seitngs.

Features:

Capacitancs resalotien- 4 JaFTtHz

Sensor modes: smgle varsable or doal differeniial vanable

Oo-chip dommy capacitor for quasi-differential operation and inifial adjastment
Gain and DC offset nm

Programmahle bandwidch adjostment 05 o BkHz (T steps)

235V ouiput for ADC refersnce Tatomeinc operaion

Single supply of +5.0WDC

CUm-chip EEPROM for storags of setings

Available in die or 16-pin S0IC

Applications:

Pressure Sensars Acceleromeiers (law g)
Felociyy Sensors Dizplacemant

Riree Sawcors Fhuid Cantral

Touch Sensors Flow Sewsors

Lipgan Sensors (s Semrors

Pamel
hMiomSasory, Inc., 3001 Eedhill Aveene, Cost Moea, (CA G26D6

Tl domma ms e e 4-—--.-—-- B e T e T T e T e e )
e i e w5 a1 o e e s S0 ey Cw o e e e A g s S0
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MIiCRO<LENSORS

MS3110 Universal Capacitive Readout™ IC

Functional Block Diagram:
......................................... ¥IT] [
:’D‘::“H‘:" - Il-l.EFE:""lr'ltl:.:'
=ai
" CEl . o B "
s ¥ v
: CHECOM A - L [Poaas Filhed o Bues Wi
' Bandhwidin :
-1 - -y - ‘
v S VIP25 Offeat
WEP2EMMES
i &
G AR O F S E T
CelT=C81IMN+ 251 TTRALR . {150 |- CORTRE
CE2T=C52IM-+ C52 IEEF RO
Electrical Characterisiics T=15"C Unless Otherwize Spec. | Min | Typ | Max U mit
Power Supply Voltagze (V) 475 | 500 | 523 vV
Power Supply Cument Oo +V 249 a0 mA
Power Supply Ripple Bequirement On +V 1080 oWV
Digital DM Inputs -5 W+ W
EEPROM Prosramminz Valtzs 14 18 v
All Criher Inpuis -5 W+ v
VIP25 (1 25V Baference) Trimmed 2237 2263 W
WVIP25{2 25V Beference) Temperature Sability, Trimmed -5l 50 pomC
Ioput Sense Capacitamce(C51.0052,) 025 11 pF
Fesohuition Tomat-refemed Maise 40 |aF'mHz
5] Amay Coarse Offset Trimmable Fange, Nominal a B pF
52 Armay Coarse Offsst Trimmable Fange, Nominal { 12 pF
_F Amay Coarse Gain Trinmable Fanzs, Wominal a 1042 pF
CF, C51, and £52) Tom steps 0.018 | 0020 | 0022 oF
Bandwidth Selection (9 steps) 500 ROO0 Hz
Bandwidth Telemance -15 +15 s
Chupat Valtaze Fange 0.5 40 W
Crutpnt Offset @ £52-C51¢=0, S0FF=] 125 vV
Fame I
Mfiznfamnor:, Inc., 3001 ill Avemmo, Costs Mo, CA4 82624

Thex ey ovmapa perlemmae e w3 ey s e o w g e = pap e e e a gy ke mmopn o = dmsowmesr ow
i T TR O el el T il ey P F G e e o S U ey o o S eempae L mgmar e o4
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MICRO<L,ENSORS

MS3110 Universal Capacitive Readout™ IC

Electrical Characteristics Min | Typ | Max U nit
Crutpat Offset @ CS1E=C51IN, S0FF=1 0.5 W
Chuipat Fine Offset Tom Step ] mV step
Chutpat Fine Gain Selectable Ranee -15 +15 Ya
Chutpat Fine Gain Trim Step 0.12 a
Crutpart Load Pesistance 10 Ei}
Chutput Load Capacitance 100 250 pF
Chutpat Soarce and Sink Currents 2 4 [ mA
Cperating Temperaiure Banee (T, - +85 ic
ESD Rating 10 EV

THEORY OF OPERATION

The M53110 senses the change n capacitance befwvesn fvo capaciters and provides an eurpat voltags
proportional o that chanps. The capacitors to be sensed are an extarmal balanced pair, CS1IY and
521, The ouput veltage is a fincdon of the changzs between the sensing capacimnces C52; and
Z%5]y according to the following:

Transfer Function VO =GAIN * VP25 * 114 * (C524-C51:)CF + VREF

Where VIO is the ouiput Volage
(Gain = 2 ar 4V/V nominal
VP25 =125 VD nominal
C52y=C82IN + C52
C51y = CS51IN + C51
CF is selected to optimize for inpaf sense capacitance rangs, CF = 1.5pF.
VEEF can be set to 0.5V ar 2.25V DC for ACS= C52,-C51; =0. Far 0.5V DC,
the dynamic sensor capacity is constrained by C52; sreater or egual to C514.

PROGRAMMING SPECIFICATIONS

To allow for such a largs range of options, several program moede: and mims are incorperated inko the
M53110. The user has the option to store the setings inio an oo-chip EEPR.OM, which sends the data
to the on-chip control registers, or proeram the conmol registers directly without memary siorage.
Bath recuire serial impat data, clock, and write signals. Programming the EEPEOM reguires a +14
VAT aupply.

3
Moo Semsars, Inc., 3001 B‘.ﬂhm Cosia Mo, CA 52625

Tha doeegrs commare Eriee o o d ek e dreopewrw DeedTmerw o e e g e e A e a0 sy pralen paeorr anee v duarorear e
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MiICRO<LENSORS

MS3110 Unaversal CﬂPHEiTi".-’E Readout™ IC

Ter ol ASIC Mo
o Corols
[l |
X
Lo CHIL
EPRCR o II
D:.;s o Ef':fl—r Wil — L8 oF shit mgisian
1
W I
CLK
saria Dola |n
* Progeann com b sioead in EEPROM of It £on e seraly anland
o e sret regfen,

Nomenclanre, definitions, and mapping inin the EEPROM are provided below. Information regarding
the ranzes fo which the bias and reference fequency should be st s also provided.

Programming Map and Modes
EEFRCM Nomencisfe and Desonpiion

The fellowing programming bit descrptions and their progamming map are presented below.

Nomenclature and Descripiions

Name No. bits Diescription
R[2:0] 3 Curent Feference Trim Bits
T[3:0] 4 Violtage Feference Trim Bits
) ) E] Uscilater Tnm His
B[7:0] g Chatput Buffer Gain Trim
QFF[4:0) 5 Chaiput Buffer Offset Tom
SOFF 1 Chatput Buffer Cutput Offset Level Contral
CSELCT]3:0] 2 Coofimuons-Tims LPF Bandwidth Trim
GAINSEL 1 Chaiput Buff Gain Selection
[ EE]| 1 1AM Feadback Lapacitor »alecnon
51 [B40 4 TAMPE Halance Capaciior Trm
.52 [540 ] TAMP Halance Trim Capacitor Selecdon

Paze 4
M Samsors, Inc., 3001 E;n:l]:l:i.lfium Costa Mo (T4 02618

Pt d s omms e e P @ et e s e e e e Ip om o gpep o rmer o g sy et mr e v dr v ew

rahen v i T T

29

LR e el e e i T e e PR LR

ST M D e S e L gear e 00



MICROSL,ENSORS

MS3110 Umiversal Capacitive Readout™ IC

EEFROM Locaton Mapping:
o ] o [T = [T TE] M ] [7]]
ADDR ® [ ] Ril T3 T2 Ti TO %3] 7] W
ADDE A EN Rl EH ] T ] . By W FO
ADDE 7 OFF1 TFFD OFF3 FF4 SOFF | CSELCT | CSFLCT | CRFCT | CRELCTH
3 3 I
ADDE & CIATHEED CFo ] CF 7 CFh CF5 CFa CF3
ADDE & CF2 CF1 CFo =l R | Cal7 L=l 6 | C8ls L=l 4 ] Cal 1
ADDE 4 CE1_ CAl_0 CHI O | ALl TR 1 CE3 CHI 4 CE2 5
ADDE -
A other kocations are umased.
MEAT1QI1C BLOCK DIAGRMAM
= OIS LR g QU T S
s T - o ] e TR
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MiCRO“SENSORS

MS3110 Universal Capacitive Readout™ IC

Programming Truth Tablas

Bias Control Reglsters

Two trims are inchaded in the master bias circuitry, bandpap trim and current reference trim. The
handgap reference voltage can be mimmed fo an eptimum volmzs with 3 mm @ogs of +-5.1%

Since the 2 35VDC reference tracks the bandgap reference voltage. the user can monitor the variation
through pin VIP15 The reference level can be mimmed in 30 mW steps. Thos variations of the 1 25V
Peference can be trimmed over process. An abridged version of the tnath table is inchaded below.

W2APL5 Feference Valtage Trim (~19mV (step)

T3 | T |T1 | Th Voltage Trim
I I +5.1%
1 |0 (0] 0 Nomimal
1 1 | 1 -3.1%

FOE.ALL APPLICATIONS, the VP25 voltage reference should be timmed to 225V +- 10mV.

The current reference can also be monitorsd and tnomed. The current monitor point &5 broaght eut to
the TESTSEL pin that normally selects the mode of operation for the MS53110. It also serves to
momitor the intemal bdas current of 10wA, typical when the pin is ded to logic low. The Carrent
reference can be mimmed 0 Bpd steps. An abridegsd version of the tath table is inchaded balow.

Cirent Feference Troms (-0 3pd step)

R [R1 | Rd Current Trim
o ]j]afla +32%
I [1]0 ominal
I [1]F -32%

FOR ALL APPLICATIONS, the cumrent reference should be mmmed to 10pA +- Ipd.

Note that if an external pull-up resistor i placed on the TESTSEL pim of the M53110 IC, the pull-up
curent must be factored nio the tofal coument, or the extemal pall-up resisior needs to be removed
biafors the cument measursment is parformed

Dsciigtor Conirod Regisiers
The M53110 has the option fo mim the cscillator over process. The tnoth abde for trim is presented
below.

]
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