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Abstract

The focus of this dissertation is in the area of controlling balanced two wheels robot by using
invert pendulum. The process is control invert pendulum which unstable to be stable, that can be applied
to another control system such as control system helicopter aircraft. Control two wheeled robot use
feedback systems to control position and the angle of the robot which deviate from the vertical by in put
control through dc motor and measure the variable then multiply which constant feedback and using
microcontroller to sent PMW to dc motor at difference time the width of the signal that sent to de
motor.Is power control of dc motor result of is study can maintain by itself.When sending appropriate
constant state feedback , including controlling position of the robot wheels to make robot can turn in

different direction to needed.
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2.10 Pulse Width Modulation
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dos
Tdsunsumvauyueunsnuianaa

T o S o
TsunsunruguyusnasnIauga Woudien1w1d Iasldlsunsu MPLAB C30 11054

3.02 vosuTHn lulns¥w
Nlsunsumlasdyanaeindonilufsnea
#include<p30f4011.h>

#define adc_read(pin) adc buf(pin)

#define  ADCI10 H

unsigned int adc buf[16];

volatile unsigned int* ADC16Ptr=& ADCBUF0;

void init_adc()

ADCON 1bits. ADON=0;
ADCON2bits.SMPI=3;
ADCON2bits.CHPS=0;
ADCON 1bits.SIMSAM=0;
ADCON2bits. BUFM=0;
ADCON2bits. ALTS=0;
ADCHSbits.CHOSA=0;
ADCHSbits. CHONA=0;
ADCON2bits.CSCNA=1;
ADCHSDbits.CH123SA=0;

ADCHSDbits.CH123NA=0;



return 0;

ADCHSbits.CH123SB=0;
ADCHSbits.CH123NB=0;
ADCONI1bits. FORM=0b10;
ADCONI1bits.SSRC=T7;
ADCONIbits. ASAM=1;
ADCON2bits.VCFG=1;
ADCON3bits. ADCS=0b011111;
ADPCFG=0xFFFO0;
TRISB=0b11111111;

IECObits. ADIE=1;

ADCONI1bits. ADON=1;

extern void _ attribute  ((__interrupt )) ADClnterrupt(void)

unsigned int buffer=0;
for (buffer=0; buffer<3;buffer++)
adc_buf[buffer] = ADC16Ptr[buffer];

[FObits. ADIF=0;
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#include<math.h>

static const int ADC_X NEUTRAL = 32500;
static const int ADC Z NEUTRAL = 32500;
#define ACCEL Z ADC 2

#define ACCEL Z ADC 1

Float read angle()

int shifted z = (int) adc_read(ACCEL_Z ADC)-ADC Z NEUTRAL;
int shifted x = (int) adc_read(ACCEL X ADC)-ADC_X NEUTRAL;
float z = (float) shifted z;
float x = (float) shifted x;

return (atan2(-z,x));
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#include “adc.h”

#define gyro y 0

static const float gyro y degrees per second = 500.0%2.0;
static const float gyro y rad per second = 8.72%2.0;

float gyro y degrees()

Return —(((float)adc_read(gyro y)/65500.0%3.3)-1.5)/0.002;

Float gyro y rad()

return-(((float)adc_read(gyro y)*0.0004394279)-13.09;
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Tsunsweenuuumsmnuilames
x(1,n) -> position
x(2,n) > frecuency
f1: x1(time)=sin(x2(time-1)*(time-1))+V  V->ramdom plant error
£2: x2(time)=x2(time-1)
h: y=x1+w w->ramdom sensor error
F ->dfl/dx1 =0 dfl/dx2 = cos(x2*time)*time
df2/dx1 =0 df2/dx1=1
%}
clear all; close all;
% Initial Conditions
x(:,1) =[0;0.05];  %Our real plant initial condition
x_(:,1)=[0;0.04];  %Our estimate initial conidition (they might differ)
XC=X; %Set the ideal model as we think it should start

P =[0.01 0; %set initial error covariance for position & frec, both at sigma 0.1,

P=diag([sigma_pos_init"2 sigmav_frec init*2])

0 0.01];
sigmav = 0.1; %the covariance coeficient for the position error, sigma
sigmaw = (.5; %the covariance coeficient for the frecuency error, sigma

Q =sigmav*sigmav;  %the error covariance constant to be used, in this case just a escalar unit

R = sigmaw*sigmaw;  %the error covariance constant to be used, in this case just a escalar unit
b



G=[1;0]; %G 1s the Jacobian of the plant tranfer functions due to the error.
H=[10]; %H is the Jacobian of the sensor transfer functions due to the variables involved
W=1; %W 1is the Jacobian of the sensor transfer functions due to the error.

steps = 1000; %Amount of steps to simulate

% bucle

for i =2:steps Yostart (@ time=2

% the real plant

x(:,1) = [sin(x(2,i-1)*(i- 1)) + randn*sigmav ; x(2,i-1) J:

z(i) = x(1,i) + randn*sigmaw;

% blind prediction (just for comparison)

xc(:,1) = [sin(xc(2,i-1)*(i-1)); xe(2,i-1)];

% prediction

x_(,1) = [sin(x_(2,i-1)*(i-1)); x_(2,i=D)];

z (1) =x (1,i);

% compute F

F =[01i*cos(x_(2,i)*i);

01];

% Prediction of the plant covariance

P = F*P*F' + G*Q*G';

% Innovation Covariance

S = H*P¥HR;

% Kalman's gain

49



K = P*H"*inv(S);
% State check up and update
(e Gtz 1)
% Covariance check up and update
P = (eye(2)-K*H)*P;
end
figure(1);clf; hold on;
plot(x_(1,:),-r'); %plot the Kalman filter prediction over the plant

plot(x_(1,)+2*sigmaP(1,:),-b"); %These two are the threshold in witch I'm certain that the plant state is

at a given time
plot(x_(1,:)-2*sigmaP(1,:),"-g);
xlabel('Time (ms)');
ylabel('Volt (mV)');

legend('’kalman filter', Gyroscope',' Accelerometer’);
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LISY300AL

MEMS inertial sensor:

single-axis +300°/s analog output yaw rate gyroscope

Features

2.7 V to 3.6 V single supply operation
Low power consumption

Embedded power-down

+300 °/s full scale

Absolute analog rate output
Integrated low-pass filters

Embedded self-test

High shock survivability

ECOPACK® RoHS and “Green” compliant
(see Section 4)

Description

The LISY300AL is a low-power single-axis yaw
rate sensor. It includes a sensing element and an
IC interface able to provide the measured angular
rate to the external world through an analog
output voltage.

The sensing element, capable of detecting the
yaw rate, is manufactured using a dedicated
micromachining process developed by ST to
produce inertial sensors and actuators on silicon
wafers.

The IC interface is manufactured using a CMOS
process that allows a high level of integration to
design a dedicated circuit which is trimmed to
better match the sensing element characteristics.

Table 1. Device summary

LGA-28 (7x7x1.5mm)

The LISY300AL has a full scale of +300 °/s and is
capable of measuring rates with a -3 dB
bandwidth up to 88 Hz.

The LISY300AL is available in a plastic land grid
array (LGA) package and can operate within a
temperature range from -40 °C to +85 °C.

The LISY300AL belongs to a family of products
suitable for a variety of applications, including:

— Gaming and virtual reality input devices

—  Motion control with MMI (man-machine
interface)

— Image stabilization for digital video and
digital still cameras

— GPS navigation systems
— Appliances and robotics

Order code Temperature range (°C) Package Packing
LISY300AL -40 to +85 LGA-28 (7x7x1.5) Tray
LISY300ALTR -40 to +85 LGA-28 (7x7x1.5) Tape and reel
May 2008 Rev 1 1/13
www.st.com

€dited with the demo version o
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LISY300AL Block diagram and pin description

1 Block diagram and pin description

Figure 1. Block diagram

ACTIVE
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The vibration of the structure is maintained by a drive circuitry in a feedback loop. The
sensing signal is filtered and appears as an analog signal at the output.

1.1 Pin description
Figure 2.  Pin connection
a
S =
o B EzDo= ¥
2 2. 3B LIS
28 22
N1 O []21 Reserved
GND [ ] Reserved
GND [] [] Reserved
g - LISY300AL =
(TOP VIEW) N
CACT =1 [] Reserved
ANALOG OUTPUT [ ] [] Reserved
NC 7[] 115 NC
(TOP VIEW) 8 14
DIRECTION OF THE OO ETTO
DETECTABLE b o
ANGULAR RATE g 2
(aetda s
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Block diagram and pin description LISY300AL

Table 2. Pin description

Pin # Pin Name Function
1 NC Internally not connected
2 GND 0V supply
3 GND 0V supply
4 NC Internally not connected
5 CACT Active filter capacitor
6 gTJf\I'IIS(L)J?' Rate signal output voltage
7-9 NC Internally not connected
10 PD Power-down (logic 0: normal mode; logic 1: power-down mode)
11 ST Self-test (logic 0: normal mode; logic 1: self-test)
12-13 Reserved Leave unconnected
14-15 NC Internally not connected
16-21 Reserved Leave unconnected
22 NC Internally not connected
23 VCONT PLL filter connection pad #1
24 FILTVDD PLL filter connection pad #2
25 Vdd Power supply
26 Vdd Power supply
27 Vdd Power supply
28 NC Internally not connected

4/13
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LISY300AL Mechanical and electrical specifications
2 Mechanical and electrical specifications
2.1 Mechanical characteristics

Table 3. Mechanical characteristics @ Vdd = 3.3 V, T = 25 °C unless otherwise noted(!)

Symbol Parameter Test condition Min. Typ.(z) Max. Unit
FS Measurement range +300 °/s
So Sensitivity 3.3 mV/ °/s
SoDr ?e?;gi\ggrzhange VS- | From -40 °C to +85 °C 4 %
Voff | Zero-rate level® 1.65 Vv
OffDr 33:’;?:)‘1'{2‘:5:;“3”93 From -40 °C to +85 °C 5 °/s
NL |Non linearity® Best fit straight line +0.8 % FS
BW |[-3dB bandwidth®®) | Cpcr =10 nF 88 Hz
Rn Rate noise density 0.1 bl
JHz
W | met] mv
Sup | Start-up time Settling to +5 °/s 300 ms
s | o B s iz
iop t(c)a%eg:tr:t%re range AR vl .
Wh Product weight 160 mg
1. The product is factory calibrated at 3.3 V. The operational power supply range is specified in Table 4.
2. Typical specifications are not guaranteed
3. The product is capable of sensing angular rates extending from DC to the selected bandwidth
4. Guaranteed by design
5. User selectable by external capacitor Cact
6. “Self-test output voltage change” is defined as Vout(yst = ogic 1) = VOUt(vst = logic 0)

5/13
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Mechanical and electrical specifications LISY300AL
2.2 Electrical characteristics
Table 4. Electrical characteristics @ Vdd =3.3 V, T=25 °C unless otherwise noted("
Symbol Parameter Test condition Min. Typ.(z) Max. Unit
Vdd Supply voltage 2.7 3.3 3.6 \'
Idd Supply current PD pin connected to GND 4.8 mA
lddPdn.  |SHERlyoutentin PD pin connected to Vdd 1 LA
power-down mode
Logic O level 0 0.2*Vdd
Vst Self-test input \'
Logic 1 level 0.8*Vdd Vdd
Logic O level 0 0.2*vVdd
VPD Power-down input \
Logic 1 level 0.8*Vdd Vdd
Active low-pass filter
Cact capacitor 10 nF
OVS | Output voltage swing® | lout = +100pA 0.4 Vgq-0.4 Vv
CLoap | Capacitive load drive® 0.4 10 nF
Top Operating temperature 40 +85 oC
range
1. The product is factory calibrated at 3.3 V
2. Typical specifications are not guaranteed
Referred to ANALOG OUTPUT pin #6
6/13 1$73
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LISY300AL Mechanical and electrical specifications

2.3 Absolute maximum ratings

Stresses above those listed as “Absolute maximum ratings” may cause permanent damage
to the device. This is a stress rating only and functional operation of the device under these
conditions is not implied. Exposure to maximum rating conditions for extended periods may
affect device reliability.

Table 5. Absolute maximum ratings

Symbol Ratings Maximum value Unit
Vdd | Supply voltage -0.3t06 \Y
Vin Input voltage on any control pin (PD, ST) -0.3 to Vdd +0.3 \

3000 g for 0.5 ms
10000 g for 0.1 ms

Aunp | Acceleration (not powered)

Tstg | Storage temperature range -40 to +125 °C

ESD | Electrostatic discharge protection 2 (HBM) kV

This is a mechanical shock sensitive device, improper handling can cause permanent
damage to the part

A Thisis an ESD sensitive device, improper handling can cause permanent damage to
A the part

7/13
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Mechanical and electrical specifications LISY300AL
2.4 Terminology
2441 Sensitivity

2.4.2

2.4.3

8/13

A yaw rate gyroscope is a Z-axis rate device that produces a positive-going output voltage
for counterclockwise rotation around the axis normal to the package top. Sensitivity
describes the gain of the sensor and can be determined by applying a defined angular
velocity to it. This value changes very little over temperature and also very little over time.

Zero-rate level

Zero-rate level describes the actual output signal if there is no angular rate present. For a
3.3 V powered sensor the absolute zero-rate output is ideally 1.65 V. Zero-rate level of
precise MEMS sensors is, to some extent, a result of stress to the sensor and therefore
zero-rate level can slightly change after mounting the sensor onto a printed circuit board or
after exposing it to extensive mechanical stress. This value changes very little over
temperature and also very little over time.

Self-test

Self-test allows to test the mechanical and electric part of the sensor, allowing the seismic
mass to be moved by means of an electrostatic test-force. The Self-test function is off when
the ST pin is connected to GND. When the ST pin is tied to Vdd, an actuation force is
applied to the sensor, emulating a definite Coriolis force. In this case the sensor output will
exhibit a voltage change in its DC level which is also depending on the supply voltage. When
ST is active, the device output level is given by the algebraic sum of the signals produced by
the velocity acting on the sensor and by the electrostatic test-force. If the output signals
change within the amplitude specified in Table 3, then the mechanical element is working
properly and the parameters of the interface chip are within the defined specification.

e
N7
F § f 4

¢dited with the demo version o
& Infix Pro PIXF €ditor

To remove thi




LISY300AL

59

Application hints

3

Application hints

Figure 3. LISY300AL electrical connections and external components values

Cc2
1
1l onF

GND GND VDD | 450nF 9.5kOhm
10 yF 100nF | ” VVV I

_.l— —1— C1 R1

sl I
28 27 26 25 24 23 22
1 @) 21
2 20
Optional 3 19
Low-pass filter -~ GND 4 LISY300AL 18
BTy s (top view)
Voutyaw | Ropr | —”— 5 17
o0— AW~ 6 16
0.4nF
| Copr. | Cloao [~ 8 9 10 1112 114~
I o ] 4% CLULLE LT
e I anp
(g ———— R\ L]
S p—
PPN ?)

—p Digital signals

Power supply decoupling capacitors (100 nF ceramic or polyester + 10 yF Aluminum)
should be placed as near as possible to the device (common design practice).

The LISY300AL allows to band limit the output rate response through the use of two first-
order on-chip filters: a switched capacitor low-pass filter, with 400Hz -3dB bandwidth, in
combination with an active low-pass filter. The active filter -3 dB nominal frequency (f;5) is
set through an internal resistor Ryct and the external capacitor Cact (added between
CACT pin #5 and ANALOG OUTPUT pin #6), by the formula:

1

f =
tA R
an: ACT’ CACT

The value of the internal resistor Ryctis 180 k<, while the external capacitor Cpc1is used to
select the signal bandwidth. The sensed frequency range spans from DC up to the selected
bandwidth.

In order to further reduce high-frequency noise, the LISY300AL supports an additional
optional low-pass filter on ANALOG OUTPUT pin #6 (Figure 3). The cutoff frequency (f;p) is
given by the formula:

;
f =
P~ 2n- Ropr: Copr

9/13
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The LISY300AL IC includes a PLL (phase locked loop) circuit to synchronize driving and
sensing interfaces. Capacitors and resistors must be added at the FILTVDD and VCONT
pads (as shown in Figure 3) to implement a second-order low-pass filter. Table 6
summarizes the PLL low-pass filter components’ values.

Table 6. PLL low-pass filter components’ values
Component Value
C1 450 nF + 10%
c2 9nF +10%
R1 9.5kQ+10%
3.1 Soldering information

The LGA package is compliant with the ECOPACK®, RoHS and “Green” standard.
It is qualified for soldering heat resistance according to JEDEC J-STD-020C.

Leave “Pin 1 Indicator” unconnected during soldering.

Land pattern and soldering recommendations are available at www.st.com/mems.

10/13 1$72
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Package information

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a lead-free second level interconnect. The category of
second level interconnect is marked on the inner box label, in compliance with JEDEC
Standard JESD97. The maximum ratings related to soldering conditions are also marked on
the inner box label. ECOPACK®is an ST trademark.

ECOPACK® specifications are available at: www.st.com.

Figure 4. LGA-28: mechanical data and package dimensions
mm inch
DIM. OUTLINE AND
MIN. | TYP. | MAX.| MIN. | TYP. [ MAX. MECHANICAL DATA
A 1.600 0.0630
A2 1.300 0.0512
A3 | 0.170 | 0.200 | 0.230 |0.0067 {0.0079|0.0091
D 6.900 | 7.000 | 7.100 {0.2717|0.2756|0.2795
E 6.900 | 7.000 | 7.100 |0.2717]0.2756|0.2795
I 0.350 0.0138
G 0.800 0.0315
L 0.450 0.0177
L1 0.100 0.0039
M 0.800 0.0315
N 1.600 0.0630
o 4.800 0.1890
P 2400 0.0945 LGA2_8 (7x7x1.5mm)
Land Grid Array Package
K 0.050 0.0020
D
Pin 1 Indicator
Pin 1 Indicator
.
E!@l g AR ZESE
)
[l
2 a
|4
A 3 S [ -
B IE) 5
!
7
f— [
2 B
(] BOTTOM VIEW
TOP VIEW seating plane o] « |
NOTES
Al dimensions ors in mm.
8003444 A
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Frees'cﬂavle( Semicbndimtor
Technical Data

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

The MMA7260Q low cost capacitive micromachined accelerometer

features signal conditioning, a 1-pole low pass filter, temperature
compensation and g-Select which allows for the selection among 4

sensitivities. Zero-g offset full scale span and filter cut-off are factory set and
require no external devices. Includes a Sleep Mode that makes it ideal for

handheld battery powered electronics.

Features

» Selectable Sensitivity (1.59/2g/4g/69)

*  Low Current Consumption: 500 pA

* Sleep Mode: 3 pA

* Low Voltage Operation: 2.2V -3.6 V

e 6mm x 6mm x 1.45mm QFN

« High Sensitivity (800 mV/g @1.5 g)

* Fast Turn On Time

« High Sensitivity (1.5 g)

» Integral Signal Conditioning with Low Pass Filter
* Robust Design, High Shocks Survivability
* Pb-Free Terminations

* Environmentally Preferred Package

* Low Cost

Typical Applications

+ HDD MP3 Player : Freefall Detection
« Laptop PC : Freefall Detection, Anti-Theft

MMA7260Q
Rev 1, 06/2005

MMA7260Q

MMA7260Q: XYZ AXIS
ACCELEROMETER
+1.5g/2g/4g/6g

Bottom View

16 LEAD
QFN
CASE 1622-01

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

« Pedometer : Motion Sensing

*  PDA : Text Scroll

« Navigation and Dead Reckoning : E-Compass Tilt Compensation

» Gaming : Tilt and Motion Sensing, Event Recorder

* Robotics : Motion Sensing

ORDERING INFORMATION

Device Name Temperture Range Case No. Package
MMA7260Q —20to +85°C 1622-01 QFN-16, Tube
MMA7260QR2 —20to +85°C 1622-01 QFN-16,Tape & Reel

Top View
Jg45 5 5
242 X 9
T T T m T
—O—| P AT 3J,_ 5o
A €ep
g-Select1 _‘l_I I_12_ Mode
Select? _2—I I_1 1_ N/C
g-o€elec ) by
Vs [k "10|nic
DD_:,| 1
= ==
\%
- ‘4"r ArAlEeals 1“9‘ i
| 5 1 6 11 7 11 8 |
O 0 12O O
Z Z =2 =2
Figure 1. Pin Connections

© Freescale Semiconductor, Inc., 2005. All rights reserved.

e 'Edité&@itﬁ the demo versior
@ nfix Pro PDF €ditor

To remove this notice, visit:
SHUSRRC T e e




65

Voo
g-Selectt O__l !
g-Select2 o ® f
: Clock | X-Temp
Oscillator Generator Comp 0 Xour
4
= |
T G-Cell CtoV o= [ivtemp
o e Sensor Converter F'+ Comp © Your
ilter —
T
Control Logic Z-Temp 0
EEPROM Trim Circuits Comp outT
|
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) Imax +2000
Supply Voltage Vop -0.3to +3.6 \
| Drop Test(") DS 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 alter the performance or cause failure of the chip. When
2000 V ESD protection circuitry, extra precaution must be handling the accelerometer, proper ESD precautions should
taken by the user to protect the chip from ESD. A charge of be followed to avoid exposing the device to discharges which
over 2000 volts can accumulate on the human body or may be detrimental to its performance.

associated test equipment. A charge of this magnitude can

MMA7260Q
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Table 2. Operating Characteristics

Unless otherwise noted: —20°C < Tp < 85°C, 2.2V <Vpp < 3.6 V, Acceleration = 0g, Loaded output“)

Characteristic Symbol Min Typ Max Unit
Operating Range(®
Supply Voltage® Voo 2.2 3.3 3.6 v
Supply Current ) — 500 800 HA
Supply Current at Sleep Mode®) Ibb — 3 10 pA
Operating Temperature Range Ta —20 — +85 °C
Acceleration Range, X-Axis, Y-Axis, Z-Axis
g-Select1 & 2: 00 dFs — +1.5 — g
g-Select1 & 2: 10 Ors e +2.0 — g9
g-Select1 & 2: 01 drs — +4.0 — g
g-Select1 & 2: 11 9dFs — 6.0 — g
Output Signal
Zero g (Tp = 25°C, Vpp =3.3 V)® VB 1.485 1.65 1.815 Vv
Zerog Vore Ta — +2 — mg/°C
Sensitivity (Tp = 25°C, Vpp = 3.3 V)
1.5g9 S1.5q 740 800 860 mV/g
2g Sag 555 600 645 mV/g
49 S4gq 2770:5, 300 3225 mV/g
6g Seg 185 200 215 mV/g
Sensitivity S,Ta — +0.03 = %I°C
Bandwidth Response
XY fadB — 350 — Hz
z f.34B — 150 — Hz
Noise
RMS (0.1 Hz — 1 kHz)*) Diye — 47 i & mVims
Power Spectral Density RMS (0.1 Hz — 1 kHz)(*) fists L 350 8 5 ng/JHz
Control Timing
Power-Up Response Time(®) tRESPONSE = 1.0 2.0 ms
Enable Response Time(”) tENABLE A 0.5 2.0 ms
Sensing Element Resonant Frequency
XY focELL — 6.0 — kHz
z fecELL — 3.4 — kHz
Internal Sampling Frequency foLk — 11 — kHz
Output Stage Performance
Full-Scale Output Range (Igyt = 30 pA) VEso Vggt+0.25 — Vpp-0.25 Vv
Nonlinearity, Xout, YouT: ZouT NLoyt -1.0 e +1.0 %FSO
Cross-Axis Sensitivity(®) Vyy, Xz, vz £ = 5.0 %

1. For a loaded output, the measurements are observed after an RC filter consisting of a 1.0 kQ resistor and a 0.1 pF capacitor to ground.

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. The response time between 10% of full scale Vdd input voltage and 90% of the final operating output voltage.
7. The response time between 10% of full scale Sleep Mode input voltage and 90% of the final operating output voltage.
8. A measure of the device’s ability to reject an acceleration applied 90° from the true axis of sensitivity.
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PRINCIPLE OF OPERATION

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

The device consists of two surface micromachined
capacitive sensing cells (g-cell) and a signal conditioning
ASIC contained in a single integrated circuit package. The
sensing elements are 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 = A¢/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 ——p

—

Figure 3. Simplified Transducer Physical Model

MMA7260Q

SPECIAL FEATURES

g-Select

The g-Select feature allows for the selection among 4
sensitivities present in the device. Depending on the logic
input placed on pins 1 and 2, the device internal gain will be
changed allowing it to function with a 1.5g, 2g, 4g, or 6g
sensitivity (Table 3). This feature is ideal when a product has
applications requiring different sensitivities for optimum
performance. The sensitivity can be changed at anytime
during the operation of the product. The g-Select1 and g-
Select2 pins can be left unconnected for applications
requiring only a 1.5g sensitivity as the device has an internal
pulldown to keep it at that sensitivity (800mV/g).

Table 3. g-Select pin Descriptions

g-Select2 g-Select1 g-Range Sensitivity
0 0 1.5g9 800mV/g
0 1 29 600mV/g
1 0 49 300mV/g
1 1 69 200mVig
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 12
(Sleep Mode) will place the device in this mode and reduce
the current to 3uA typ. For lower power consumption, it is
recommended to set g-Select1 and g-Select2 to 1.5g mode.
By placing a high input signal on pin 12, the device will
resume to normal mode of operation.

Filtering

The 3 axis accelerometer contains onboard single-pole
switched capacitor filters. 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.
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BASIC CONNECTIONS

Pin Descriptions PCB Layout
Top View
5 5 & POWER SUPPLY
(&) o
Zi
T IT TT TT T
_O_l L1618, (14 L8 el Vpp o
g-Selectt | 1 12 | Sleep Mode o~ Vpy Vop
b e
Select2[ 2 ! 1] Ne SN
: - L Sleep Mode PO Vss—0
Vop[ 3™ Mo [NC = g-Select! P1 3
—— L 4 2 2
Vs |4l 9 Ne E  gSelect? P2 z
|Sers] B S m g
fsil e e e sl
Iz} G =
(&) (@] [&] (&) << o)
: SemaE = Your—{R] ADy
Figure 4. Pinout Description
: S R] S
Table 4. Pin Descriptions Zout b ? ADN
Pin No. Pin Name Description O
1 -Select1 Logic input pin to select g level.
d g. - F p' = Figure 6. Recommended PCB Layout for Interfacing
2 g-Select2 | Logic input pin to select g level. Accelerometer to Microcontroller
3 Vpp Power Supply Input
4 Vss Power Supply Ground NOTES:
5.7 N/C Wolhtemal cabpotinD 1. Use 0.1 pF capacitor on Vpp to decouple the power
Leave unconnected. source.
8-11 N/C Unused for factory trim. 2. Physical coupling distance of the accelerometer to
Leave unconnected. the microcontroller should be minimal.
12 Sleep Mode | Logic input pin to enable product or 3. Flag underneath package is connected to ground.
Sleep Mode.
—= 4. Place a ground plane beneath the accelerometer to
12 Zour § Vreden quingproiiage, reduce noise, the ground plane should be attached to
14 Yout Y direction output voltage. all of the open ended terminals shown in Figure 6.
15 Xout X direction output voltage. 5. Use an RC filter with 1.0 kQ and 0.1 uF on the
16 N/C No internal connection. outputs of the accelerometer to minimize clock noise
Leave unconnected. (from the switched capacitor filter circuit).
6. PCB layout of power and ground should not couple
Logic power supply noise.
Inputs 1 13 1kQ 7. Accelerometer and microcontroller should not be a
>_‘ g-Select!  Zour high current path.
0.1uF 8. A/D sampling rate and any external power supply
2| g-Select? H ==
Voo >— g I switching frequency should be selected such that
MMA7260Q = they do not interfere with the internal accelerometer
3]y v 14 1kQ sampling frequency (11 kHz for the sampling
oo our, frequency). This will prevent aliasing errors.
0.1 uF 0.1 uF
‘ I
FL Vss =
= 15 1kQ
gl o e Kol
Sleep Mode
0.1uF
Logic 5 I
Input =

Figure 5. Accelerometer with Recommended
Connection Diagram
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DYNAMIC ACCELERATION

Top View
+Y Side View
o | PV e P EXre [ JE2 ]
= L1618, (14,13, | |:
2 G
1 12
] el I:
2 f11 ] Os
X s 00 X > gl Yz 1z
3 ) 10 i
= = L o
4 M (]
]| L
rEnirlal e ) |:
1 5 11 11 11 1 o)
Y
: Arrow indicates direction of mass movement.
16-Pin QFN Package
STATIC ACCELERATION
Top View Direction of Earth’s gravity field.*
o T T TT T T
Ll L e
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e s§~§ L
! ) \J Iy | . -
L] i L Side View
== =
L% e
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XOUT @ +1g =245V
YOUT @ Og =165V
ZOUT @ Og =165V

XOUT@ Og =1.65V
YOUT @ -1g =0.85V
Zour @0g = 1.65V

ST e L ) L
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=51 II=_
B
=21 &Q» 1]
__’ % % r.....
] L 124
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I | (il
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Xour @ 0g = 165V
YOUT @ +1g =245V
ZOUT @ Og =165V

o

AX
CAljCFa

1

XOUT @ -1g =085V
YOUT @ Og =165V
Zour@0g =165V

LI:II—H_I | | o e |

XOUT @ Og =165V
YOUT @ Og =165V
ZOUT @ ‘+‘1g =245V

 ECEE ] S | K Y VA | e Y |

XOUT@ Og =165V
YOUT @ Og =165V
ZOUT @ -1g =085V

* When positioned as shown, the Earth’s gravity will result in a positive 1g output.
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MINIMUM RECOMMENDED FOOTPRINT FOR SURFACE MOUNTED APPLICATIONS

Surface mount board layout is a critical portion of the total
design. The footprint for the surface mount packages must be
the correct size to ensure proper solder connection interface

. between the board and the package.

With the correct footprint, the packages will self-align when
subjected to a solder reflow process. It is always
recommended to design boards with a solder mask layer to
avoid bridging and shorting between solder pads.

Pin 11D (non metallic) \ [[] Solder areas

PACKAGE DIMENSIONS

DETAIL G
*-——@"r—l: <—|
ngXAREA \X___ I// 0.1 ]C
7 '

T v \ [, 45+o 1 [S]0.08 A

(6]
(©. 203)—+ Le(o 5)
! (0 102) (1) SEATING PLANE
DETAIL G
M ‘——l VIEW ROTATED 90° CLOCKWISE

B]

>
ﬁr«
)

U

: > | 9 (459
4.24 DETAIL M al
e —
EXPOSED DIE 4.04 / PIN 1 INDEX | =
ATTACH PAD el }
(Giie b=l

13007
T o |
Y U] m'im U] DETAIL M
12¢ BN | " o8 |
1
4.04 Bl ol NOTES:
EEE =) ; 1 ALL DIMENSIONS ARE IN MILLI
. INTERPRET DIMENS |
= | 4 v PER ASME Y14.5M, 1694.
+ 000 [D @;HSDME*& APPLIES TO METALLIZED
{ TERMINAL MEASURED BETWEEN 0.25MM
0. 63_J 8 AND 0.30MM FROM TERMINAL TIP.
16X e 0.60 & THIS DIMENSION REPRESENTS TERMINAL FULL
0.43 “— 18X 540 ACK FROM PACKAGE EDGE UP TO 0.14M IS
ACCEPTABLE.
01 @[c|a[s] Ao
VIEWM-M |
005 ®|C

\ X US L TIONAL.
7. MINIMUM METAL GAP §.2MM.

CASE 1622-01
ISSUE O
16-LEAD QFN
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Information in this document is provided solely to enable system and software
implementers to use Freescale Semiconductor products. There are no express or
implied copyright licenses granted hereunder to design or fabricate any integrated
circuits or integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to
any products herein. Freescale Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale Semiconductor assume any liability arising out of the application or use of any
product or circuit, and specifically disclaims any and all liability, including without
limitation consequential or incidental damages. “Typical” parameters that may be
provided in Freescale Semiconductor data sheets and/or specifications can and do vary
in different applications and actual performance may vary over time. All operating
parameters, including “Typicals”, must be validated for each customer application by
customer’s technical experts. Freescale Semiconductor does not convey any license
under its patent rights nor the rights of others. Freescale Semiconductor products are
not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life,
or for any other application in which the failure of the Freescale Semiconductor product
could create a situation where personal injury or death may occur. Should Buyer
purchase or use Freescale Semiconductor products for any such unintended or
unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor and
its officers, employees, subsidiaries, affiliates, and distributors harmless against all
claims, costs, damages, and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Freescale
Semiconductor was negligent regarding the design or manufacture of the part.

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc.
All other product or service names are the property of their respective owners.

© Freescale Semiconductor, Inc. 2005. All rights reserved.

- Edited Lmth the demo versior
fafix ProPDF Editor

To remove this n




72
LNA1ITRN9DY

a v v a =) J o
[1] dszdundaduana. Soufuazlfan ces ¢ aewlwdmosivouTilsunsunnn ¢ aruguluTns-
J o 3 = a = < a J
ADU INFAIADT PIC. WUNATINL. ngaumwunIuAT : 8u TunavidnimeSuua 2547,
~ A A oo o ad, ugll =
[2] AUNUANTNATUI. MTDDAUUVBITNUNAIY Protel DXP. NUHATINL. pFuNWNHILAT:
UTHN AUgNEINTAUN 9170.2549.

a o a Jd J bl & 5 @ a
3] 135 S1wdedail. gilomsWeulalsunsy Microsoft Visual C++ Version 6.0 piiunsldamass.

NTUNNUNIUAT : FAsaiife.





