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Advisor Dr. Thurdsak Leauhatong

ABSTRACT

The purposes of this thesis is studying and designing human falling detector. This
equipment consists of acceleration detector, analyzer and decider and sending data for
monitor and SOS signal. When the falling accident is occurred, this equipment will send
SOS signals for rescue. Moreover it can connect to computer via Bluetooth for monitoring
real time acceleration value in each different behavior, which is useful for doctor to

diagnose the patient’s behavior.
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1. Low Current Consumption: 400 LA

2. Sleep Mode: 3 LA

3. Low Voltage Operation: 2.2 V—-3.6 V

4. High Sensitivity (800 mV/g @ 1.5¢g ,)

5. Selectable Sensitivity (£1.5g, +6g)

6. Fast Turn On Time (0.5 ms Enable Response Time)
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1. Flash 9119 8 KB
2. RAM 9119 1KB
3. 10-Bit A/D Converter

4. Interface ¥UA USART (SPI or UART)
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1. Standard Bluetooth 2.0
2. Supply Voltage: 3.0-3.6 V
3. Power Consumption

- Transmit 40 mA

- Receive 30 mA

- Standby 1 mA
4. Frequency Band 2.4 GHz
5. Sensitivity: 80 dBm

6. RF Power: 0-4 dBm
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Freescale Semiconductor

Technical Data

+1.5g, £6g Three Axis Low-g
Micromachined Accelerometer

The MMA7361L is a low power, low profile capacitive micromachined
accelerometer featuring signal conditioning, a 1-pole low pass filter,
temperature compensation, self test, 0g-Detect which detects linear freefall,
and g-Select which allows for the selection between 2 sensitivities. Zero-g
offset and sensitivity are factory set and require no external devices. The
MMA7361L includes a Sleep Mode that makes it ideal for handheld battery

Rev 0, 04/2008

VRoHS

MMA7361L

powered electronics.

Features

* 3mm x 5mm x 1.0mm LGA-14 Package

* Low Current Consumption: 400 pA

* Sleep Mode: 3 pA

* Low Voltage Operation: 2.2V -3.6 V

+ High Sensitivity (800 mV/g @ 1.5g)

* Selectable Sensitivity (+1.5g, £6g)

* Fast Turn On Time (0.5 ms Enable Response Time)
+ Self Test for Freefall Detect Diagnosis

* 0g-Detect for Freefall Protection

+ Signal Conditioning with Low Pass Filter
* Robust Design, High Shocks Survivability
*  RoHS Compliant

* Environmentally Preferred Product

* Low Cost

Typical Applications

3D Gaming: Tilt and Motion Sensing, Event Recorder
* HDD MP3 Player: Freefall Detection

* Laptop PC: Freefall Detection, Anti-Theft

+ Cell Phone: Image Stability, Text Scroll, Motion Dialing, E-Compass

* Pedometer: Motion Sensing

* PDA: Text Scroll

* Navigation and Dead Reckoning: E-Compass Tilt Compensation
* Robotics: Motion Sensing

MMA7361L: XYZ AXIS
ACCELEROMETER
+1.5g, +6g

Bottom View

14 LEAD
LGA
CASE 1977-01

ORDERING INFORMATION

Temperature Package

FartHiimber Range Drawing

Package Shipping

MMA7361LT -40 to +85°C 1977-01 LGA-14 Tray

MMA7361LR1 -40to +85°C 1977-01 LGA-14 7" Tape & Reel

Top View
N/C
i
NIC =100 7/ - T& | Self Test
v
Xour | 2. el
YouPh® | Bahs
Zoyr [+ ! TS |g-Select
Vgs[w! "o | 0g-Detect
Vopdied o gsNC
Il\l
Sleep

Figure 1. Pin Connections

MMA7361LR2 —-40to +85°C 1977-01 LGA-14 |13 Tape & Reel

© Freescale Semiconductor, Inc., 2008. Al rights reserved.
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, —T1O 0g-Detect
g-Select O f
CLOCK X-TEMP
OSCILLATOR GEN COMP Xout
S Al S?E-ISSE(L)LR CtoV GAN L1 |vremp .
out
CONVERTER FILTER COMP
CONTROL LOGIC
SELFTEST NVM TRIM B 1 pil L
Self Test O CIRCUITS
|
VSS
Figure 2. Simplified Accelerometer Functional Block Diagram
Table 1. Maximum Ratings
(Maximum ratings are the limits to which the device can be exposed without causing permanent damage.)
Rating Symbol Value Unit
Maximum Acceleration (all axis) Omax +5000
Supply Voltage Vpp -0.3to +3.6 \%
Drop Test(") Darop 1.8 m
Storage Temperature Range Tstg —40 to +125 °C

1. Dropped onto concrete surface from any axis.

ELECTRO STATIC DISCHARGE (ESD)

WARNING: This device is sensitive to electrostatic

discharge.

Although the Freescale accelerometer contains internal
2000 V ESD protection circuitry, extra precaution must be
taken by the user to protect the chip from ESD. A charge of
over 2000 volts can accumulate on the human body or
associated test equipment. A charge of this magnitude can

MMA7361L

alter the performance or cause failure of the chip. When
handling the accelerometer, proper ESD precautions should
be followed to avoid exposing the device to discharges which

may be detrimental to its performance.

Sensors

Freescale Semiconductor



Table 2. Operating Characteristics
Unless otherwise noted: -40°C < T, < 85°C, 2.2V < Vpp < 3.6 V, Acceleration = 0g, Loaded output(!)

Characteristic Symbol Min Typ Max Unit
Operating Range(?
Supply Voltage(® Voo 22 3.3 3.6 \%
Supply Current®) Iob = 400 600 HA
Supply Current at Sleep Mode(¥ Ibp — 3 10 HA
Operating Temperature Range Ta -40 — +85 °C
Acceleration Range, X-Axis, Y-Axis, Z-Axis
g-Select: 0 9rs — £1:5 — g
g-Select: 1 OFs — 6.0 — g
Output Signal
Zero-g (T, = 25°C, Vpp = 3.3 V)5 6 Vorr 1.485 1.65 1.815 Y
Zero-g¥ Vorr: Ta -2.0 +0.5 +2.0 mg/°C
Sensitivity (Tp = 25°C, Vpp =3.3 V)
1.5g S1.5g 740 800 860 mV/g
69 Seq 190.6 206 221.5 mV/g
Sensitivity) S,Tx -0.0075 +0.002 +0.0075 %/°C
Bandwidth Response
XY f adBxY — 400 — Hz
z f 348z — 300 — Hz
Output Impedance Zy — 32 — kQ
0g-Detect 0dgetect -0.4 0 +0.4 g
Self Test
Output Response
Xout: Yout AgsTxy +0.05 -0.1 3 g
Zout AdsTz +0.8 +1.0 .2 g
Input Low Vi Vss - 0.3 Vpp \Y
input ngh VIH 0.7 VDD = VDD \Y
Noise
Power Spectral Density RMS (0.1 Hz — 1 kHz)) NpsD — 350 2t ug//Hz
Control Timing
Power-Up Response Time(”) tRESPONSE — 1.0 2.0 ms
Enable Response Time(®) teNABLE 4 0.5 2.0 ms
Self Test Response Time(® tst — 2.0 5.0 ms
Sensing Element Resonant Frequency
XY fGCELLXY - 6.0 — kHz
z focELLZ pu_J 3.4 = kHz
Internal Sampling Frequency folk — 11 — kHz
Output Stage Performance
Full-Scale Output Range (IOUT =3 pA) VFSO Vss+0.1 = VDD—O.1 \%
Nonlinearity, Xout, YouT: ZouT NLoyt -1.0 — +1.0 %FSO
Cross-Axis Sensitivity(1%) Vxy. xz. Yz -5.0 £ +5.0 %

1. For a loaded output, the measurements are observed after an RC filter consisting of an internal 32kQ resistor and an external 3.3nF capacitor
(recommended as a minimum to filter clock noise) on the analog output for each axis and a 0.1uF capacitor on Vpp - GND. The output sensor
bandwidth is determined by the Capacitor added on the output. f = 1/2n * (32 x 103) *C. C = 3.3 nF corresponds to BW = 1507HZ, which is
the minimum to filter out internal clock noise.

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

3. Within the supply range of 2.2 and 3.6 V, the device operates as a fully calibrated linear accelerometer. Beyond these supply limits the device
may operate as a linear device but is not guaranteed to be in calibration.

4. This value is measured with g-Select in 1.5g mode.

5. The device can measure both + and — acceleration. With no input acceleration the output is at midsupply. For positive acceleration the output
will increase above Vpp/2. For negative acceleration, the output will decrease below Vpp/2.

6. For optimal Og offset performance, adhere to AN3484 and AN3447

7. The response time between 10% of full scale Vpp input voltage and 90% of the final operating output voltage.

8. The response time between 10% of full scale Sleep Mode input voltage and 90% of the final operating output voltage.

9. The response time between 10% of the full scale self test input voltage and 90% of the self test output voltage.

10. A measure of the device's ability to reject an acceleration applied 90° from the true axis of sensitivity.

MMA7361L
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PRINCIPLE OF OPERATION

The Freescale accelerometer is a surface-micromachined
integrated-circuit accelerometer.

The device consists of a surface micromachined
capacitive sensing cell (g-cell) and a signal conditioning ASIC
contained in a single package. The sensing element is sealed
hermetically at the wafer level using a bulk micromachined
cap wafer.

The g-cell is a mechanical structure formed from
semiconductor materials (polysilicon) using semiconductor
processes (masking and etching). It can be modeled as a set
of beams attached to a movable central mass that move
between fixed beams. The movable beams can be deflected
from their rest position by subjecting the system to an
acceleration (Figure 3).

As the beams attached to the central mass move, the
distance from them to the fixed beams on one side will
increase by the same amount that the distance to the fixed
beams on the other side decreases. The change in distance
is a measure of acceleration.

The g-cell beams form two back-to-back capacitors
(Figure 3). As the center beam moves with acceleration, the
distance between the beams changes and each capacitor's
value will change, (C = Ae/D). Where A is the area of the
beam, ¢ is the dielectric constant, and D is the distance
between the beams.

The ASIC uses switched capacitor techniques to measure
the g-cell capacitors and extract the acceleration data from
the difference between the two capacitors. The ASIC also
signal conditions and filters (switched capacitor) the signal,
providing a high level output voltage that is ratiometric and
proportional to acceleration.

Acceleration ——»

—

Figure 3. Simplified Transducer Physical Model

SPECIAL FEATURES

0g-Detect

The sensor offers a 0g-Detect feature that provides a logic
high signal when all three axes are at 0g. This feature
enables the application of Linear Freefall protection if the
signal is connected to an interrupt pin or a poled 1/O pin on a
microcontroller.

Self Test

The sensor provides a self test feature that allows the
verification of the mechanical and electrical integrity of the
accelerometer at any time before or after installation. This
feature is critical in applications such as hard disk drive

MMA7361L

protection where system integrity must be ensured over the
life of the product. Customers can use self test to verify the
solderability to confirm that the part was mounted to the PCB
correctly. To use this feature to verify the Og-Detect function,
the accelerometer should be held upside down so that the
z-axis experiences -1g. When the self test function is
initiated, an electrostatic force is applied to each axis to
cause it to deflect. The x- and y-axis are deflected slightly
while the z-axis is trimmed to deflect 1g. This procedure
assures that both the mechanical (g-cell) and electronic
sections of the accelerometer are functioning.

g-Select

The g-Select feature allows for the selection between two
sensitivities. Depending on the logic input placed on pin 10,
the device internal gain will be changed allowing it to function
with a 1.5g or 6g sensitivity (Table 3). This feature is ideal
when a product has applications requiring two different
sensitivities for optimum performance. The sensitivity can be
changed at anytime during the operation of the product. The
g-Select pin can be left unconnected for applications
requiring only a 1.5g sensitivity as the device has an internal
pull-down to keep it at that sensitivity (800mV/g)).

Table 3. g-Select Pin Description

g-Select g-Range Sensitivity
0 1459 800 mV/g
q 69 206 mV/g
Sleep Mode

The 3 axis accelerometer provides a Sleep Mode that is
ideal for battery operated products. When Sleep Mode is
active, the device outputs are turned off, providing significant
reduction of operating current. A low input signal on pin 7
(Sleep Mode) will place the device in this mode and reduce
the current to 3 pA typ. For lower power consumption, it is
recommended to setg-Selectto 1.5g mode. By placing a high
input signal on pin 7, the device will resume to normal mode
of operation.

Filtering

The 3 axis accelerometer contains an onboard single-pole
switched capacitor filter. Because the filter is realized using
switched capacitor techniques, there is no requirement for
external passive components (resistors and capacitors) to set
the cut-off frequency.

Ratiometricity

Ratiometricity simply means the output offset voltage and
sensitivity will scale linearly with applied supply voltage. That
is, as supply voltage is increased, the sensitivity and offset
increase linearly; as supply voltage decreases, offset and
sensitivity decrease linearly. This is a key feature when
interfacing to a microcontroller or an A/D converter because
it provides system level cancellation of supply induced errors
in the analog to digital conversion process.

Sensors
Freescale Semiconductor



Pin Descriptions

BASIC CONNECTIONS

Top View
N/C
i
NCT<! 7/ T Self Test
v
Xour [ . s
Your [} Lo NG
Zoyr[=! TS | g-Select
Vg [a! '@ | 0g-Detect
VDD -§-I r- :-E.; N/C
"\I
Sleep

Figure 4. Pinout Description

Table 4. Pin Descriptions

Input

Logic

Vob Input

0.1 F

Logic > 7|e=—
Input Sleep

>—— SelfTest

Pin No.| Pin Name Description

1 N/C No internal connection

Leave unconnected
2 Xout X direction output voltage
3 Your Y direction output voltage
4 Zout Z direction output voltage
5 Vss Power Supply Ground
6 Vpp Power Supply Input
7 Sleep Logic input pin to enable product or Sleep Mode
8 NC No internal connection

Leave unconnected
9 0g-Detect |Linear Freefall digital logic output signal
10 g-Select  |Logic input pin to select g level
11 N/C Unused for factory trim

Leave unconnected
12 N/C Unused for factory trim

Leave unconnected
13 Self Test |Input pin to initiate Self Test
14 N/C Unused for factory trim

Leave unconnected

Logic >i g-Select 0g-Detect

13
ouT

LA

MMA7361L 3.3 nF

I

Vob

Yout

i

vss 3.3nF

I

Zout

1

3.3 nF

I

Figure 5. Accelerometer with Recommended

Connection Diagram

PCB Layout

POWER SUPPLY

Accelerometer

Voo Ly .
C RH DD
Vss .0
Sleep PO Ves =0
g-Select P1 8
[=]
0Og-Detect P2 £
o
Self Test P3 3
Xout ADy =
C
g
Your = ADDiy
C
O
Zout = AIDyy
C

Figure 6. Recommended PCB Layout for Interfacing

NOTE
1

Accelerometer to Microcontroller

S:

. Use 0.1 pF capacitor on Vpp to decouple the power

source.

. Physical coupling distance of the accelerometer to

the microcontroller should be minimal.

. Place a ground plane beneath the accelerometer to

reduce noise, the ground plane should be attached to
all of the open ended terminals shown in Figure 6.

. Use a 3.3nF capacitor on the outputs of the

accelerometer to minimize clock noise (from the
switched capacitor filter circuit).

. PCB layout of power and ground should not couple

power supply noise.

. Accelerometer and microcontroller should not be a

high current path.

. A/D sampling rate and any external power supply

switching frequency should be selected such that
they do not interfere with the internal accelerometer
sampling frequency (11 kHz for the sampling
frequency). This will prevent aliasing errors.

. 10MQ or higher is recommended on Xgyr, Yout and

Zoyrt to prevent loss due to the voltage divider
relationship between the internal 32 kQ resistor and
the measurement input impedance.

MMA7361L
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DYNAMIC ACCELERATION

Your @-19=085V
Zoy; @0g=1.65V

Top View
p
26hi Side View
T T LI Tt 1 Tiene [ : 1
181G A gl 2t ]
RO LS o g
-X 14 “se i 14 +X +Z 8 £ -z
T e s3]
|" 1 |-_I e | |_'I ey |'_l
L89!0l 1, 1 21 =1 3!
-Y
14-Pin LGA Package l:> : Arrow indicates direction of package movement.
STATIC ACCELERATION
. Direction of Earth's gravity field.*
Top View
1151 (a1 13 204
1 ]
Side View
) Mg Biegit L 020 ) Badts | %~
: 181191 1100 1 2 13 _ Top
i S AE
B v ey Xour @ 09=1.65V gl ~ S (1%
- "/ - - - - C |
e 4 rad Your @ +19=245V -m-_: 5] Bottom
Rl s <% F = - - L
o i Zoyr @0g= 165V % e Xout @09 =1.65V
|-~ N et 5/ Your @09=1.65V
hrl ok = = Zoyr @+1g=245V
B 2] Sl e
| s e Bottom
951 r.,\.l it (2 I::;I pd E |
EN
— M3 M2i 1) Mo g1 Tg = Te
1
X @+1g=245V L i e X @-1g=085V o8
ouT ouT X _@0g=165V
Your @0g =165V e i3 Your @0g =165V ouT :
PREN 7 Y .+ @0g=165V
Z.,  _ @0g=165V b= tes - Z - @0g=165V ouT
out @99 our = o8 Z _@-19=0.85V
ouT S
(112t 13 ist is !
1 1 1 ! 1 L 1 1 1 1 1
Xout @ 09=1.65V

* When positioned as shown, the Earth’s gravity will result in a positive 1g output.
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Features

¢ High-performance, Low-power AVR® 8-bit Microcontroller
¢ Advanced RISC Architecture
— 130 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
° High Endurance Non-volatile Memory segments
- 8K Bytes of In-System Self-programmable Flash program memory
— 512 Bytes EEPROM
— 1K Byte Internal SRAM
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
— Data retention: 20 years at 85°C/100 years at 25°C("
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- Programming Lock for Software Security
* Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler, one Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Three PWM Channels
— 8-channel ADC in TQFP and QFN/MLF package
Eight Channels 10-bit Accuracy
— 6-channel ADC in PDIP package
Six Channels 10-bit Accuracy
Byte-oriented Two-wire Serial Interface
— Programmable Serial USART
Master/Slave SPI Serial Interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
° Special Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Five Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, and
Standby
* /O and Packages
— 23 Programmable I/O Lines
— 28-lead PDIP, 32-lead TQFP, and 32-pad QFN/MLF
° Operating Voltages
- 2.7 - 5.5V (ATmega8L)
- 4.5 - 5.5V (ATmega8)
* Speed Grades
— 0-8 MHz (ATmega8L)
— 0-16 MHz (ATmega8)
° Power Consumption at 4 Mhz, 3V, 25°C
— Active: 3.6 mA
— Idle Mode: 1.0 mA
— Power-down Mode: 0.5 pA

AIMEL

T T ()

8-bit AVR"
with 8K Bytes
In-System
Programmable
Flash

ATmega8
ATmega8L

Summary
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Pin
Configurations

ATMEL

PDIP
A\
(RESET) PC6 [ 1 28 [1PCS5 (ADC5/SCL)
(RXD) PDO [] 2 27 [1PC4 (ADC4/SDA)
(TXD) PD1 ] 3 26 [1PC3 (ADC3)
(INTO) PD2 ] 4 25 [1PC2 (ADC2)
(INT1) PD3 5 24 [1PC1 (ADCH1)
(XCK/TO) PD4 [ 6 23 [ PCO (ADCO)
vee 7 22 [JGND
GND 8 21 [1AREF
(XTAL1/TOSC1) PB6 ]9 20 JAVCC
(XTAL2/TOSC2) PB7 [] 10 19 [1PBS5 (SCK)
(T1) PD5 ] 11 18 [0 PB4 (MISO)
(AINO) PD6 [] 12 17 [ PB3 (MOSI/OC2)
(AIN1) PD7 ] 13 16 [1 PB2 (SS/0C1B)
(ICP1) PBO [] 14 15 [1PB1 (OC1A)

TQFP Top View

33
Ew v
_|lissaa
g 0oaQ|mo o000
z X XlWwaoaoaoo
St <
85888388
Ahth, 0. 0N 0 B s
OnO0nonnn
N - O O O W
MMM NNNNN
(INT1) PD3 ] 1 O O’-’“ ELECIMABOT)
(XCK/TO) PD4 [] 2 23 [ PCO (ADCO)
GND[]3 22 1 ADC7
vee o4 21 [0 GND
GNDO5 20 [1 AREF
vee e 19 [1 ADC6
(XTAL1/TOSCH) PB6 O] 7 18 [JAVCC
(XTAL2/TOSC2) PB7 [ 8 O O 17 [0 PB5 (SCK)
EAR Iy S A
OOo0UooOo
N oONOr MY
o000 OmDOO®
afo ooyt Afa o
E2555238
L2S50=2
2z
=
MLF Top View
38
F o0 S
558083338
= Xiwoaooo
ZEEzS83S
N -0 OWWwWST MmN
00000000
Q0 O O QA 0
O00o0ooQoon
SH838K8K
(INT1) PD3 ] 1 G """""""" i} 24[JPC1 (ADC1)
(XCK/TO)PD4[]2 ! i 23[1PCO (ADCO)
GNDO3 \ 22[1ADC7
vees4 \ 21[JGND
GNDOs5 ! | 20[1AREF
veeds ¢ 19[1ADC6
(XTAL1/TOSC1) PB6[]7 ! . 18[dAvcC
1 l
(XTAL2/TOSC2) PB7.L8  Lecicimuaiiosoine 17 [1 PB5 (SCK)
> o TiNim D @\Q
OoooooOO NOTE:
88 o8 The large center pad underneath the MLF
[ e s Wy Wy T T W W packages is made of metal and internally
T8 CcFI®ND connected to GND. It should be soldered
EiZiz % T mOan or glued to the PCB to ensure good
=<288¢9s mechanical stability. If the center pad is
S T left unconneted, the package might
o g loosen from the PCB.

2 ATmegad(L) meesr
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R e e s A Tmega8g(L)

Overview The ATmega8 is a low-power CMOS 8-bit microcontroller based on the AVR RISC architecture.
By executing powerful instructions in a single clock cycle, the ATmega8 achieves throughputs
approaching 1 MIPS per MHz, allowing the system designer to optimize power consumption ver-
sus processing speed.

Block Diagram Figure 1. Block Diagram
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Disclaimer

AIMEL

The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmegas8 provides the following features: 8K bytes of In-System Programmable Flash with
Read-While-Write capabilities, 512 bytes of EEPROM, 1K byte of SRAM, 2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>