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1  SCOPE

Purpose of the present document is to describe both the hardware and the software of the Water
Detect and Acceleration Monitoring Unit (hereafter referred to as WAU), one of the new packages
that has been specifically developed by Tecnomare to upgrade the existing buoy BOMA to the
MFSTEP project standard.

The WAU is dedicated to monitor:

e the vertical acceleration (heave) of the E2-M3A buoy;

e the presence of water inside each one of the three compartments of the buoy.

2 BASIC SPECIFICATIONS

Basic specifications for the WAU are listed in the following table:

GEWISS GW 44 210

30L x 38H x 13D (cm x cm x cm)
RS-232 to the existing UCM-C
Cable to 12 VDC power supply
POWER SUPPLY 12 VDC

TEC-CPU2 (same used in BOMA

BOX LAYOUT

INTERFACE

CPU TYPE
Data Acquisition and Control System)
Motorola Semiconductor MMA1220D
ACCELEROMETER Low G Accelerometer
25mW @ 5V
National Semiconductor LM1830
WATER DETECTOR Fluid Detector
60 mW @ 12V
TR N [T about 80 mW including the DC/DC

board consumption

Table 1: basic specifications for the WAU unit

authors: ROSS/FZ
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3 INTERCONNECTION

The WAU has been designed to operate a stand alone unit, connected to the main data acquisition

and control system of the buoy as indicated in the following Figure 1:

AUX
PORT
ANALOG IN |

MAIN
UART WAU

DIGITAL IN

WD1 WD2 WD3 ACCELERATION

MFSTEP PROJECT o
LOGICAL LAYOUT Eni | Tecnomare

Figure 1: the upgraded layout of BOMA data acquisition and control system

authors: ROSS/FZ
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4 HARDWARE DESCRIPTION

The WAU hardware configuration is shown in the following block diagram.

J6

L]

J5 Ja
J7:| TEC-CPU2 |: :| WATER DET.

N J3
:| be/be :| ACCELEROM.

J2

MFSTEP PROJECT =y
WAU Eq | Tecnomare
INTERCONNECTION DIAGRAM T

Figure 2: WAU interconnection diagram

As it can be argued from Figure 2 four items must be considered:

a DC/DC board getting the power voltage from the rest of the system and supplying the
right voltage to each board of the WD&ACC;

e a CPU board which is the core of the unit allowing its connection to the rest of the system;
e an accelerometer board, based on the Motorola MMA1220D accelerometer chip;

e a water detect board onto which are mounted three National Semiconductor LM1830 fluid

detectors to control the water intrusion inside the three buoy compartments.

authors: ROSS/FZ
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4.1 Water Detect Board

In Figure 3 the electrical layout of the water detect board is shown.

R1=47K
4 14 +Vee = 12V R2 = 1K
GND[
2 13 |::| R3 | outif R3 = 10K
3 12 QUT2T"s
c1 outy| =
4 LM1830 ot R4 =100R
R1 R2 \L 3
5 10} c3 IN2T's C1=1nF
6 9 !
C2=47nF
7 8
C3=22yF
)| e -
7T Vee =12V
c2
1 4 h—q
2 13 |::| R3
3 1
c1
. - 4 LM1830 T
5 10— c3
6 9
7 8
Yl [
/ I | |
c2
4 4
2 13 |::| R3
3 1
c1
4
a . LM1830 1
5 10— c3
6 9
7 8
) I = MFSTEP PROJECT -y
o WAU e TEcnomare
WATER DETECT BOARD

Figure 3: water detect board layout

Pins 3, 5 and 7 are connecetd to three steel bars, the water sensors, each one located on a

different compartment of the buoy.

authors: ROSS/FZ
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4.2 Accelerometer Board

The accelerometer board layout is shown in the following Figure 4.

16 15 14 13 12 1" 10 9

MMA1220D
1 2 3 4 5 6 7 8
R1 = 100K R H RzH
C1=10nF [ [
C2 =100nF 1 1
+Vecec=5V| GND | OUT ST STA

1 21314]5

MFSTEP PROJECT o |
WAU n | Tecnomare
ACCELEROMETER BOARD "

Figure 4: layout of the accelerometer board

Only pins 1 to 3 are used to connect this board to the WAU CPU.

To get a real and valid measurement this board must be kept parallel to the buoy horizontal plane.

authors: ROSS/FZ
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4.3 DC/DC Board

Figure 5 shows the layout of the DC/DC board, supplying the proper voltage to all boards of the
WAU.

+Vec = 12V
GND

LM78L05
PC3-12-12 l

C1=47yF
C2=100nF
C3 = 330nF
C4=10nF

MFSTEP PROJECT e |
WAU En | TECNOMare
DC/DC BOARD e

Figure 5: DC/DC board layout

The 5 Volt output voltage is for the accelerometer board while the 12 Volt output voltage is for the

water detect board.

44 CPU board

The CPU board managing the WAU operation is based on the same board (TEC-CPU2
manufactured by Tecnomare) supervising the BOMA data acquisition and control system.

For a detailed description of this board refer to E2-M3A data book.

authors: ROSS/FZ
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4.5 Internal wiring

The internal wiring of the WAU is shown in Figure 6.

Connectors are numbered according to Figure 2.

J1

+Vee =12V ]
GND
2

J5

Ja-4
1

Ja2—
2

Ja-2
3

J4-6—
4

Ja-g —
5

Ja-2 —
6

1 1

1 1

Jo-1 —
24

J2-2
26

J3-1J5-24

J3-2 J5-26

Ja-1

J4-2

Figure 6:

Al WD

[
. il ~1°

20

J2-1

J2-2 J6-6

J6-5

[

RS232-Rx

RS232-Tx

RS232-GND

20

=

J2-3

J2-4 J5-2 J5-3 J5-6

WAU

MFSTEP PROJECT

WIRING DIAGRAM

g}_ Tecnomare

WAU internal wiring

authors: ROSS/FZ
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5 SOFTWARE DESCRIPTION

The WAU is a stand alone unit which can be controlled either remotely by another computer or
locally using a terminal application.
In the E2-M3A buoy it is connected to the master controlling unit (the UCM-C).

The WAU set of commands includes:

e the M command, to get istantaneous values of both the water detect alarms and
acceleration;

e the L command, to acquire and log acceleration values in a 20 minutes time range;

e the S command, to get the last value of the acceleration power calculated upon the last
values logged by the L command;

e the T command, to set the time and date of the unit.

5.1 Commad Syntax and Command Result Syntax

All commands are simple and except for the M command they do not need parameters.

Also the answer to a command has a simple syntax:

#<command> <command result values>

where <command> is the command and <command result values> is a string containing the
information requirred which depends on the command itself.

In case of error the result syntax is the following one:

#<command> E ‘<error message>’

where <command> is the command and E indicates for an error whose descirption is reported on

the following <error message> string.

The # is just a leading character to identify a command answer.

authors: ROSS/FZ
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5.2 M Command

The M command allows the user to get istantaneous information about water detect alarms and
buoy vertical acceleration.

The answer syntax is the following one:
#M <WD1> <WD2> >WD2> <acceleration value>

where <WDx> is the water detect flag for the x-th tank, which may be ‘Y’ if water inside or ‘N’ on

the contrary, and <acceleration value> is the buoy vertical acceleration value expressed in g’.

#gMFSTEP - HyperTerminal i =] ]
File Edit Yew Call Transfer Help
=
MFStep Yater Detect & ACCeleration subsystem
Hello. ..
WH
4 N N N -10.656
W>_
I~
Connected 0:00:22 Auto detect |9600 8-N-1 |SCROLL |CAPS |NUM |Capture |Print echo v

Figure 7: M command syntax and answer

In case of failure a proper error message is displayed as reported in 5.1.

119~ 9,81 m/s®

authors: ROSS/FZ
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5.3 L Command

The L command allows the user to log on a gravity file yymmddhh.gra, a 20 minutes acceleration
sampling at 20 Hz frequency. The log file name is significant for the date and time at which the
sampling started.

At the end of the sampling the acceleration power is calculated and its value, together with the

water detect alarms, is appended to a global status file wstatus.log.

#gMFSTEP - HyperTerminal =] 3]
File Edit ‘iew Cal Transfer Help

0|2 53]
MFStep Water Detect & ACCeleration subsysten
Hello. ..

Skl

Connected 0:03:23 Auto detect (3600 8-h-1 [SCROLL  [CaPS  [WUM  [Capture  [Print echo

Figure 8: L command syntax and answer

If the command succeds a #L OK message is reported while in case of failure a proper error

message is displayed as reported in 5.1.

authors: ROSS/FZ
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54 S Command
The S command can be used to display the values of both the water detect alarms and the
acceleration power as a result of the last run L command.

The answer syntax is:

#S F <WD1> <WD2> >WDZ2> <acceleration power value>

#gMFSTEP - HyperTerminal =] 3]
File Edit ‘iew Cal Transfer Help

0|2 53]
MFStep Water Detect & ACCeleration subsysten
Hello. ..

W>S
HS F NN N-+9.611

W>

Skl

Connected 0:02:39 Auto detect (3600 8-h-1 [SCROLL  [CaPS  [WUM  [Capture  [Print echo

Figure 9: S command syntax and answer

In case of failure a proper error message is displayed as reported in 5.1.

authors: ROSS/FZ
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5.5 T Command

The T command must be used to set the time of the WD&ACC.

The command syntax is:

T dd/mm/yy hh:mm:ss

where dd/mm/yy is the current date and hh:mm:ss is the current time (yy = 00 is the year 2000).

The answer syntax is quite similar:

#T dd/mm/yy hh:mm:ss

where dd/mm/yy is the new date and hh:mm:ss is the new time of the WD&ACC.

#gMFSTEP - HyperTerminal i =] ]

File Edit Yew Call Transfer Help

MFStep Water Detect & ACCeleration subsystem
Hello. ..

W>T 19/03/04 10:01:00
#T 19/03/04 10:01:00

W>_

s L

Connected 0:00:15 YT1003 5600 &-h-1 [SCROLL [cAPS  [WUM  [Capture  [Print echo

Figure 10: T command syntax and answer

In case of failure a proper error message is displayed as reported in 5.1.

authors: ROSS/FZ
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6 MANAGEMENT DURING THE MISSION

When the buoy is in Mission Mode, the WAU is managed by the DACS (Data Acquisition and

Control System) as follows:

e powered ON at hh:40:00 to run an M command to get the status of the water detectors;

e powered ON every 3 hours to run an L command followed, 20 minutes later, by an S
command to log both the acceleration squared mean value and the water detectors status
in the daily summary file YYMMDD.SUM,;

e the unit is powered OFF.

authors: ROSS/FZ
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7 ANNEXES

7.1  Motorola Semiconductor MMA1220D Low G Accelerometer

authors: ROSS/FZ
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by MMA1220D/D

Low G

Micromachined Accelerometer

The MMA series of silicon capacitive, micromachined accelerometers
features signal conditioning, a 4—pole low pass filter and temperature
compensation. 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.

Features

+ Integral Signal Conditioning
+ Linear Output

+ Ratiometric Performance

« 4th Order Bessel Filter Preserves Pulse Shape Integrity

+ Calibrated Seli-test

MMA1220D

MMA1220D: Z AXIS SENSITIVITY
MICROMACHINED
ACCELEROMETER

+8g

Low Voltage Detect, Clock Monitor, and EPROM Parity Check Status
Transducer Hermetically Sealed at Wafer Level for Superior Reliability
Robust Design, High Shock Survivability

Typical Applications

Vibration Monitoring and Recording
Appliance Control

16 LEAD SOIC
CASE 475-01

Pin Assighment

+ Mechanical Bearing Monitoring ne [T 10 16 1] ne
« Computer Hard Drive Protection nec (1] 2 15 [T ne
« Computer Mouse and Joysticks ne [T 3 14 [T we
« \irtual Reality Input Devices st CT]| ¢ 13 [ ne
« Sports Diagnostic Devices and Systems vour CLf 5 12 [11 e
staTus (T 6 1 [ we
vss CT| 7 10 [T nc
ORDERING INFORMATION vop [T| & 9 [T ne

Device Temperature Range Case No. Package

MMA1220D —40 to +85°C Case 475-01 SOIC-16

SIMPLIFIED ACCELEROMETER FUNCTIONAL BLOCK DIAGRAM
VoD
o
G-CELL TEMP
sENsOR [ INTEGRATOR — GAIN [— FILTER COMP “;OUT
l [ [ !
L r==——= = 1
ST CONTROL LOGIC &
o SELF-TEST [—— Coroum TRIMCIRCUITS 1| osciiator |— cLockeen. Ve
| —t)0
STATUS

Figure 1. Simplified Accelerometer Functional Block Diagram

RFVD

© Motorola, Inc. 2001

@ MOTOROLA
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MMA1220D
MAXIMUM RATINGS (Maximum ratings are the limits to which the device can be exposed without causing permanent damage. )
Rating Symbol Value Unit

Powered Acceleration (all axes) Gpd 1500 g
Unpowered Acceleration (all axes) Gupd 2000 g
Supply Voltage VoD —03to+7.0 W
Drop Test{T) Ddrop 1.2 m
Storage Temperature Range Tstg —40 to +105 °C

NOTES:
1. Dropped onto concrete surface from any axis.

ELECTRO STATIC DISCHARGE (ESD)

WARNING: This device is sensitive to electrostatic
discharge.

Although the Motorola accelerometers contain internal
2kN ESD protection circuitry, extra precaution must be taken
by the user to protect the chip from ESD. A charge of over

2000 velts can accumulate on the human body or associated
test equipment. A charge of this magnitude can alter the per-
formance 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.

Motorola Sensor Device Data

authors: ROSS/FZ
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MMA1220D

OPERATING CHARACTERISTICS
(Unless otherwise noted: ~40°C = Ta = +85°C, 475 = Vpp = 5.25, Acceleration = Og, Loaded output(1))

Characteristic Symbol Min Typ Max Unit
Operating Range(zJ
Supply Voltage(3) VoD 475 500 525 v
Supply Current DD 30 50 6.0 mé
Operating Temperature Range Ta =40 — +85 °C
Acceleration Range aFs — 8.0 — g
Output Signal
Zerog (Vpp = 5.0 V)(4) VOFF 225 25 275 v
Zerog VOFFV 045Vpp | 050VpD | 055VDD W
Sensitivity (Ta = 25°C, Vpp = 5.0 V)(2) 5 2375 250 2625 mig
Sensitivity Sy 46.5 50 535 mvighy
Bandwidth Response f_3dB 150 250 350 Hz
Nonlinearity NLouT =10 — +3.0 % FSO
MNoise
RMS (10 Hz - 1 kHz) RS — — 60 m\rms
Clock Noise (without RC load on output)(€) NCLK — 20 — mWpk
Self-Test
Qutput Respanse AVgT 02Vpp — 0.3Vpp W
Input Low VL Vgg — 0.3Vpp v
Input High VIH 0.7VpD — VoD W
Input Loading(7) N -50 —100 —200 uA
Response Time(8) ST — 20 10 ms
Status(12)(13)
Output Low (ljgad = 100 pA) VoL — — 0.4 v
Cutput High (ljgad = 100 pA) VoH Voo =08 — — W
Minimum Supply Voltage (LVD Trip) VivD 27 325 40 v
Clock Menitor Fail Detection Frequency fmin 50 — 260 kHz
Output Stage Performance
Electrical Saturation Recovery Time(9) tDELAY — 20 — ms
Full Scale Cutput Range {louT = 200 pA) VES0 Wgg+0.26 — Vpp=0.25 v
Capacitive Load Drive(10) CL — — 100 pF
Output Impedance 0 — 300 — s}
Mechanical Characteristics
Transverse Stens.itivit},r[ﬂ.J Vxz vz — — 50 % FSO
Package Resenance fPKG — 10 — kHz
NOTES:
1. For a loaded output the measurements are observed after an RC filter consisting of a 1 ki2 resistor and a 0.01 uF capacitor to ground.
2. These limits define the range of operation for which the part will meet specification.
3. Within the supply range of 4.75 and 5.25 volts, 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.

. Thedevice can measure both + and = acceleration. With noinput acceleration the output is at midsupply. For positive acceleration the output
will increase above Vpp/2 and for negative acceleration the output will decrease below Vpn/2.

. The device is calibrated at 20g, 100 Hz. Sensitivity limits apply to 0 Hz acceleration.

. At clock frequency = 70 kHz.

. The digital input pin has an internal pull-down current source to prevent inadvertent seff test initiation due to external board level leakages.

. Time for the cutput to reach 90% of its final value after a seli-test is initiated.

. Time for amplifiers to recover after an acceleration signal causing them to saturate.

. Preserves phase margin (607) to guarantee output amplifier stability.

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

. The Status pin output is not valid following power—up until at least one nising edge has been applied to the selftest pin. The Status pin is
high whenever the self-test input is high.

. The Status pin output latches high if a Low Voltage Detection or Clock Freguency failure occurs, or the EPROM parity changes to odd. The
Status pin can be reset by a rising edge on self-test, unless a fault condition centinues to exist.

Motorola Sensor Device Data 3
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MMA1220D
PRINCIPLE OF OPERATION

The Motorola accelerometer is a surface-micromachined
integrated—circuit accelerometer.

The device consists of a surface micromachined capaci-
tive 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
using a bulk micromachined “cap” wafer.

The g—cell is a mechanical structure formed from semicon-
ductor materials (polysilicon) using semicenductor pro-
cesses (masking and etching). It can be modeled as two
stationary plates with a moveable plate in—between. The
center plate can be deflected from its rest position by sub-
jecting the system to an acceleration (Figure 2).

When the center plate deflects, the distance from it to one
fixed plate will increase by the same amount that the dis-
tance to the other plate decreases. The change in distance is
a measure of acceleration.

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

The CMOS ASIC uses switched capacitor technigues 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 ratio-
metric and proportional to acceleration.

Acceleration T

uj

Figure 2. Transducer
Physical Model

Figure 3. Equivalent
Circuit Model

SPECIAL FEATURES

Filtering

The Motorola accelerometers contain an onboard 4—pole
switched capacitor filter. A Bessel implementation is used
because it provides a maximally flat delay response (linear
phase) thus preserving pulse shape integrity. Because the fil-
ter is realized using switched capacitor technigues, there is
no requirement for external passive components (resistors
and capacitors) to set the cut-off frequency.

Self-Test

The sensor provides a seli-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 automotive airbag
systems where system integrity must be ensured over the life
of the vehicle. A fourth “plate” is used in the g—cell as a self—
test plate. When the user applies a logic high input to the
self-test pin, a calibrated potential is applied across the
self-test plate and the moveable plate. The resulting elec-
trostatic force (Fe = 1/2 Av2/d2) causes the center plate to
deflect. The resultant deflection is measured by the accel-
erometer's control ASIC and a proportional output voltage
results. This procedure assures that both the mechanical
(g—cell) and electronic sections of the accelerometer are
functioning.

Ratiometricity

Ratiometricity simply means that the output offset voltage
and sensitivity will scale linearly with applied supply voltage.
That is, as you increase supply voltage the sensitivity and
offset increase linearly; as supply voltage decreases, offset
and sensitivity decrease lingarly. 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.

Status
Motorola accelerometers include fault detection circuitry
and a fault latch. The Status pin is an output from the fault
latch, OR’d with seli-test, and is set high whenever one (or
more) of the following events occur:
+ Supply voltage falls below the Low Voltage Detect (LVD)
voltage threshold
+ Clock oscillator falls below the clock monitor minimum
frequency
+ Parity of the EPROM bits becomes odd in number.
The fault latch can be reset by a rising edge on the self—
test input pin, unless one (or more) of the fault conditions
continues to exist.

Motorola Sensor Device Data

authors: ROSS/FZ



MFSTEP
E2-M3A BUOY

Client code

EVK3-CT-2002-00075

Tecnomare code

DETAILED DESIGN OF THE WATER

DETECTION & ACCELERATION

MONITORING UNIT

634A1356-REL-W200-006.0

date: 06/04/04

page: 21
MMA1220D
BASIC CONNECTIONS PCB Layout
Pinout Description STATUS P
-4
we ]| 1© 16 [T] nic g s g v
wic 1) 2 15 [ wic v, & Vssl4o
ouTt R ADIN S
e | 3 14 [ wic % —&] = 0.1 pF
sTL| 4 13 [ nie g Vss [—p-o! k2 T 0.01pF Z Voo
vour | 5 12 [T nie S | (T =
status [T & 1 [ nic VeH *
vss (| 7 10 17 nic 014F
vop [T]| 8 9 [ wic T
Pin No. | Pin Name Description | POWER SUPPLY |
1thru 3 Vgg Redundant connections to the internal
V¥sg and may be left unconnected. Figure 5. Recommended PCB Layout for Interfacing
4 5T Lotgict input pin used to initiate self- Accelerometer to Microcontroller
(=1
5 VouTt Cutput voltage of the accelerometer.
6 STATUS | Logic output pin used to indicate fault.
7 Vgg The power supply ground. NOTES:
g VoD The power supply input + Use a 0.1 pF capacitor on Vpp to decouple the power
source.

9thru 13 | Trim pins | Used for factory trim. . ) .

Leave unconnected. + Physical coupling distance of the accelerometer to the

14 thru 16 — No intermal connaciion microcontrolier should be minimal.

Leave unconnected. + Place aground plane beneath the accelerometer to reduce
noise, the ground plane should be attached to all of the
open ended terminals shown in Figure 5.

VoD MMA1220D 5% STATUS e Use an RC filter of 1 k{2 and 0.01 uF on the output of the
LOGIC 1] 57 R accelerometer to minimize clock noise (from the switched
INPUT ; 1kQ capacitor filter circuit).

8| Voo Vourl 5 OuTPUT

SIGNAL

c2
0.1 pF |
7] vss 0.01 uF I

Figure 4. SOIC Accelerometer with Recommended
Connection Diagram

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 inter-
fere with the internal accelerometer sampling frequency.
This will prevent aliasing errors.

Motorola Sensor Device Data
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MMA1220D

ACCELERATION SENSING DIRECTIONS

DYNAMIC ACCELERATION

ne L] 1 16 1] nc

wic C| 2 15 [ NC

wic [ 2 11 [T] nc

*+g  [Vour=275] sTLCL| 2 13 [T Ne

vour | 5 12 [ NE

status [ & 1 [ ne

vss [T| 7 10 [1J ne

| e— o e i

16-Pin SOIC Package

MIC pins are recommended o be left FLOATING
@ =g [Vour <275]

STATIC ACCELERATION

J% Direction of Earth’s gravity field.”

+1g
Vour =275V

0g 0g
VT = 2.507 Vour = 2.50v

f—

-1 g
Vour =2.253V

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

6 Motorola Sensor Device Data
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PACKAGE DIMENSIONS

MMA1220D

Lo

T,
«AAARARAATs
| ¥

B —+——

@013 0005 @] T[A @B W]

|

RLERELELE

D1sPL

[&]0130005@[T] A @[B @]

C

L
4

iy

— G

TRH&«

e

SEATING K —=
PLANE

CASE 475-01
ISSUE A
16 LEAD SOIC

NOTI

OTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,

2. CONTROLLING DMENSION: MILLIMETER.

3. DIMENEIONS A AND B DO MOT INCLLIDE MOLD
PROTRUSION,

4. MAXMUM MOLD PROTRUSION 0.15 [0008) PER
SIDE.

5. DIMENSION D DOES NOT INCLUDE DAMEAR

PROTRUSION. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.13 [000S) TOTAL IN

EXCESS OF D DIMENSION AT MAXIMUM

MATERIAL CONDITION.

MILLIMETERS INCHES
| DM [ WMIN | mAX | N | max
A [ 1005 [ 1045 [ 040 [ 041
B | 740 [ 760 [ n2ee [ 0290
C | 3.0 | 35 [ 0J30 [ 0040
D | 095 | 049 [ 001d | 0010
F| 076 114 [ om0 [ onds

[ 1.27 BSC 0050 BSC
) | 25| 0.2 [ omo [ ooz
k| 010 | 025 | oo | oooo
] [T I TR
P_| 1016 | 1067 | 0400 | 0420
R 025 07 [ oo [ oo
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MMA1220D

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes ne warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the
application or use of any preduct or circuit, and specifically disclaims any and all liability, including without limitation consequential or incidental
damages. “Typical” parameters which may be provided in Motorola 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. Motorola does not convey any license under its patent rights nor the rights of others. Motorola 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 Motorola product could create a situation where
personal injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application,
Buyer shallindemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs,
damages, and expenses, and reasonable attorney fees ansing 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 Motorola was negligent regarding the design or manufacture of the
part. Motorola and @) are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Oppertunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE/Locations Not Listed: Motorcla Literature Distribution; JAPAN: Motorola Japan Ltd.; SPS, Technical Information Center, 3-20-1,
P.O. Box 5405, Denver, Colorado 80217, 1-303-675-2140 or 1-800-441-2447  Minami-Azabu. Minato—ku, Tokyo 1068573 Japan. 51-3-3440-3569

Technical Information Center: 1-800-521-6274 ASIATPACIFIC: Motorola Semiconductors HE. Ltd.; Silicon Harbour Cenfre,
2, Dai King Street, Tai Po Industrial Eatate, Tai Po, N.T., Hong Kong.
8! 26668334

HOME PAGE: hitp:/fwww. motorcla comfzemiconductors/

® MOTOROLA
¢ MMA1220D/D
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7.2

National Semiconductor LM1830 Fluid Detector

&Nﬂtional Semicondu

LM1830 Fluid Detector

General Description

The LM1830 is a monolithic bipolar integrated circuit de-
signed for use in fluid detection systems, The drcuit is ideal
for detecting the presence, absence, or level of water, or
other polar liguids. An AC signal is passed through two
probas within the fluid, A detector determines the presance
or absence of the fluid by comparing the resistance of the
fluid betwean the probes with the resistance internal to the
integrated circuit. An AC signal is used to overcome plating
problems incured by using a DO source, A pin is available
for connecting an external resistance in cases where the
fluid impedance is of a different magnitude than that of the

ctor

February 1885

Features

B Low external parts count

B Wide supply operating range

B One side of probe input can be grounded
m AC coupling to probe to prevent plating
B |ntemally regulated supply

m AC or DC output

10]199)aQ@ PIN|4d 0E8LINT

Applications
m Beverage dispensers
m Water softeners

m Radiators
® Washing machines

internal resistor, When the probe resistance increases B |migation B Resenvoirs
above the preset value, the cscillator signal is coupled to w Sump pumps m Boilers
the base of the open-collactor output transistor. In a typical @ pguaria
application, the output could be used to dhive a LED, loud
speaker or alow current relay.
Logic and Connection Diagram
Duakin-Line Package
EECLLATIR
aETIIT BETECTOR  FLTER
VEL ingesl  DETPIT  GMD INFUT e NE
i) 'In Ilt 1 Iu ] II
DuTRLT
] I]IHLIA'I'MI
1 [] I: ] 3 s 1
DSCLATOR MG L4 AC  OSCILLATOR NG OSDILLATOR
CARACITOR Tt EAPADITOR
Toe e TLHIE0-1

Order Number LM1830N
See NS Package Number N14A

E1995 Nadonal Semiconduct or Corporaion

TLHIETO0 RIRD-B 300 15/Printed InLL 5 A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, QOutput Sink Current 20 mai
please contact the Mational Semiconductor Sales Operating Temperature Range —AD'C 1o £ B5'C
Oftfice /Distributors for availability and specifications. Storage Temperature Fange — 4G lo + 150°C
Supply Voltage 28V Lead Temp. (Scldering, 10 seconds) 260°C
Power Dissipation (Mote 1) 1400 mW
Electrical Characteristics (v+=18v, T4=25C unless otherwise specified)
Parameter Conditions Min Typ Max Units
Supply Current 55 10 ma,
Oscillator Output Voltage
Low 1.1 v
High 4.2 v
Internal Reference Resistor B 13 25 ke
Detector Threshold Voltage 680 my
Datector Threshold Resistance 5 10 15 ka1
Output Saturation Voltage lop=10 maA 0.5 2.0 v
Cutput Leakage Ve 12= 18V 10 i
Oscillator Freguency CA=0.00 1pF 4 7 12 kHz

Schematic Diagram

Note © The madmum junclion lemgeralure raling of Me LM1BION is 150°C. For oparalion al elevaled lamperalres, devices in the duakin-ine plagie package
must be derated based on a thermal resistance of B3°C/W.

OSCILLATDR BPTIINAL
DSCILLATOR buTPUT DETECTOR  FILTER
VEE OUTFUT [RREF! INFUT  CAPARCITOR DUTRUT
[+] o o o
] - 5 13 m 9 17

.

£

b3

113

TL/HA5 P00 -2
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11

MORMALIZED GSCILLATOR FREQUENCY 43)

DSCILLATOR OUTPUT VOLTAGE (V)

L
I

L& i‘

635

b3

; 1

Normalized Oscillator Frequency

vs Supply Voltage

T I
Ty 'C

N

SURFLY VOLTAGE ()

Reference Resistor vs Ambient
Temperature

n
]
E ® .
: ]
18 f
,.
£ o
=
—
10
i
-40 -0 § W 40 &0 @0 0B
AMBIENT TEMPERATURE (" C)

Oscillator Vo and VoL
vs Amblent Temperature

Vg = 18V
I e e

]
VL

-4 - 0 &

TEMPERATURE "G

ENUIVALENT CONDUCTANCE

101 en gRUIVY)

THRAESHOLD RESISTANCE |kt

DETECTOR THRESHOLD VOLTAGE (V)

AUTPUT SATURATION VOLTAGE (PIN 12 1V}

4]

san
a&D
aop
w0
ELL ]
5D
Ho
150
o

]

0
o

Typical Performance Characteristics

Threshold Resistance vs Supply
Voltage

(IO - T

SUPPLY VOLTAGE W)

Detector Threshold Voltage

vs Temperature
T T
Ve = 16V —
‘:‘H“‘-\-u
i =
@ <20 0 W MW A0 B0 1M

AMBIENT TEMMEAATURE ("C)

Qutput Saturation Voltage vs
Qutput Current

] im
a8
2%

=

1 i
OUTPUT CURAENT [PIN 12) [ma)

Equivalent Resistance vs
Concentration of Several
Solutiens

Ui

L3

Wb

om LAl 1

CORCENTRATION (GRAMMOLECULAR
EQUIVALENTALITRE)

PROBE THRESHOLD RESISTANCE (k3 SUPPLY CURRENT (ma)

DSCILLATOR FREQUENCY fkHz

[T |

Power Supply Current vs
Supply Voltage

T
iy
u-:s-t‘A/

i

Ta- e

SUPPLY VOLTAGE (W)

Probe Threshold Resistance
vs Temperature

N\

N

T 1
Wpg = 16V

N

n o4 8 & 1
ABSIENT TEMPERATURE " C)

Oscillator Frequency vs

Ambient Temperature
T
Veg = TV
I
""--.....__.
] |
o =20 0 10 & 60 B 100

AMBIENT TEMFERATURE |'C)

TLMHEr0-3
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Application Hints

The LM1830 reguires only an external capadtor to com-
plete the oscillator drcuit, The freguency of oscillation is
inversely proportional to the external capaditor value, Using
0.001wF capacitor, the output freguency is approximately &
kHz, The output from the oscillator is available at pin 5. In
normal applications, the cutput is taken from pin 13 so that
the intemal 13k resistor can be used to companre with the
probe resistance, Pin 13 is coupled to the probe by a block-
ing capacitor so that there is no net do on the probe,

Since the output amplitude from the oscllator is approxi-
mately 4 Vgg, the detector (which is an emitter base junc-
tion) will be tumed "ON" when the probe resistance to
ground is equal to the internal 13 kit resistor. An internal
diode across the detector emitter base junction provides
symmetrical limiting of the detector input signal so that the
probe s excited with £2 Vge from a 13 ki source. In cases
where the 13 ki resistor is not compatible with the probe
resistance range, an external resistor may be added by cou-
pling the probe to pin & through the extemal resistor as
shown in Agure 2. The collector of the detecting transistor
is brought out to pin § enabling a filter capacitor to be con-
nected so that the output will switch "ON" or "OFF" de-
panding on the probe resistance. If this capacitor is omitted,
the cutput will be switched at approximately 50% duty cycle
when the probe resistance exceeds the reference resist
ance, This can be useful when an audio output is reguired
and the output transistor can be used to directly drive a loud
speaker, Inaddition, LED indicators do not reguire do excl
tation. Therefore, the cost of a capacitor for filtering can be
saved,

In the: case of inductive loads orincandescent lamp loads, it
is recommended that a filter capacitor be employed.

In a typical application whare the device is employed for
sensing low water lavel in a tank, a simple stesl probe may
be inserted in the top of the tank with the tank grounded.
Thean when the water laval drops balow the tip of tha proba,
the resistance will rise between the probe and the tank and
the alarm will be operated, This is llustrated in Sgune 3. In
situations where a non-conductive container is used, the
probe may be designed in a number of ways. In some cases
a simple phono plug can be employed. Other probe designs
include conductive parallel strips on printed drcuit boards,

It is possible to calculate the resistance of any agueous
solution of an electrolyte for different concentrations, pro-
vided the dimensions of the alectrodes and their spacing is
known,
The resistance of a simple parallel plate probe is given by:
_lo da
cp A

where A=area of plates (cmd)

d=separation of plates (cm)

o= concantration (gm. mol. equivalant /litre)

p=eguivalent conductance

i1 ocm? eguiv. — 1)

(An eguivalent is the numbar of moles of a substance that
gives ona mala of positive charge and one mole of negative
charga. For exampla, one mole of NaCl gives Na+ +Cl— so
the equivalent is 1. One mole of GaCly gives Ca™* + + 2C1
50 the eguivalent is 1/2)

Usually the probe dimensions ara not measured physically,
but the ratio d/ A is determined by measuring the resistance
of a cell of known concentration ¢ and eguivalent conduct-
ance of 1. A graph of commaon solutions and their equivalent
conductances is shown for reference. The data was dedved
from DA, Macinnes, "The Prndgples of Electrochemistry,”
Reinhold Publishing Gomp., Mew ¥ ork,, 1839,

In automotive and other applications where the power
source is known to contain significant transient voltages, the
internal regulator on the LM1830 allows protection to be
provided by the simple maans of using a sofies resistor in
the power supply line as illustrated in Figure 4. If the output
load is reguired to be retumed directly to the power supply
bacause of tha high cumrant required, it will be necessary to
provide protection for the output transistor if the voltages
are expected to exceed the data sheet limits,

Although the LM1830 is designed primarily for use in sens-
ing conductive fluids, it can be used with any variable resist-
ance device, such as light dependent resisior or thermistor
or resistive position transducer,

The following table lists some common fluids which may
and may not be detected by resistive probe technigues,

Conductive Fluids MNon-Cenductive Fluids
City watar Pure watar
Sea water Gasoline
Copper sulphate solution ail
‘Weak acd Brake fluid
‘Weak base Alcohol
Household ammaonia Ethylane glycol
‘Water and glycol mixture Paraffin
Wt soil Dy z0il
Coffee Whiskey

F
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Typical Applications vy = 18v
i
=¥ 2 Voo
=T
ira R e F )
s 3 LD
5 1 T " L}
1LII:I.i Ve & 1 ) |: i}
T . [ TIMING e
“sglul‘l:'”m i DSEILLATEN I';'IP
- DACILLATGR NEGULATIR DUTFUT
L L OSCILLATOR | m;um-nnl
3"-&“ L :' - LM1330
b wirs ] >
FILTER CROLNE
1

|

FIGURE 1. Test Circuit

iee
= 10
0081.F 2
Lo
=] l;
£l 1 ¥ " 12
TinING Vi
osccamns | ©OF
DT
[ oseiearor | | arsuiaton
Raer T

FIGURE 3. Basic Low Level Warning Device
with LED Indication

FILTER CROWNE
13 10 []
f%a‘ - :

o

FIGURE 2. Application Using External
Reference Resistor

Voo
-~
L
1800
i LF
LOUDEFEAKER
i;] [
3 1 1 14
TIMIND vir
osciLLator | AT
ouregt
OSEILLATOR REGULATOR

LMIEH

P s

DETECTOR

FROTD LOR THERMISTD &
- TRANEGTOR
TLM/ET 002
Outputis acvated when H is apgrosimately greater than 1 Rges
FIGURE 4. Direct Coupled Applications
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Typical Applications vgg = 18v (Continued)

Low Level Warning with Audie OQutput

Vg
-

D.0ouF

N

5 1 T 1

TIHING Vix
AR,

GECILLATOR
ouTFUT

NECILLATOR REGULATOR

LREN

DETECTOR
FILTER GROVND
[E] 0 J; i
[EKEF

%“mr

High Level Warning Device

Vee
-

rg'ﬂﬁﬁl
A
reotection g 0 2 k

-3
nisisTon
DL

oora

5 1

i4 [H

LILLATEH

DuTRUT
L OSCILLATOR REGULATOR

:_:le MBS
.

DETECTOR

FILTER DROUND

]

;i

The Outpit is sitable for diving a sump pumg
or opening a drain vaive, els.

RELEY OR
SOLENDID

TINANEG Ve -
CAP,

TLHAM0-5
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LM 1830 Fluid Detector

Physical Dimensions inches imilimeters)

aTHE-nIw
[ETIETEY
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[EECTRaTE ]
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v
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L]
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1
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Rl | | = |::‘=|—p||
,:'J:_SE:,"' == _'I AT v
—-.l [T ELE L) wv?i‘:"mI ey
e vt o
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Molded Dual-In-Line Package (N)
Order Number LM1830N
NS Package Mumber N14A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE MOT AUTHORIZED FOR USE AS CRITICAL COMPOMENTS IN LIFE SUPPORT
DEVICES OR SYSTEME WITHOUT THE EXPRESS WRITTEM AFPROVAL OF THE PRESIDENT OF MNATIOMAL

SEMICONDUCTOR CORPORATION. As used hemsin:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perfomn, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to rasult in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perfom can
e reasonably expected to cause the failure of the life
support device or system, or 1o affect its salety or
effectivenass,

o

National Semiconductor Mational Semiconducior
Corporation

1111 Wesl Bardin Road
Addinglon, TX 78017
Ted- 1{800) 272-3359

Emai- on

Fae {448 0-180-530 85 86
Emnaii: onpege @levm? necoom
Deutsch Ted: (+43) 0-180-530 &5 85

Mational Semiconductor
Hong Kong Lid.

138 Flaoe, Steight Slack_
Ooaan Cantra, 5 Canton Rd.
Teimshalsul, Kowlaon

Japan Lid.
Te: 810232592309
Fae 810432052208

Hational Semiconductor

Fac 1(800) 737-7018

Engish Te: {+45) 0-180-522 78 32
Frangais Tek {+45) 0-180-502 20 58
Mg Te: {+28) 0-180-532 18 80

Te- @55 27371600

Hong Kang

Faoc @50 2736260

A 4 A S Y Uzt Y

; Ny L patin

IR 7T Al ol RSV T ght aTany 1M WL o B NG AN croulry and spaa catlans.
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