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ABSTRACT

This thesis presents-sensor and transducer kit. It’s consist of module for change the

current to voltage, module for change voltage to current module for change the frequency to

voltage, module for change voltage to frequency, module to probe the pressure, module to probe.
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Ah, = ah,; h, = h,(a/d) (2.14)
P, = P,+ p(g/g)(h,+h,) (2.15)
= P,+ p(g/g)[ h,+th,(ald)] (2.16)

P,-P, = ph,(g/g)[1+(a/d)] (2.17)
AP = ph,(g/g)[1+(a/A)] (2.18)
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4.2 maunasusunaeu I uiludyananiad ( Voltage—to-Frequency

Conversion )
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4.2.2UNN 1.2V
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4.3.1 9UNA 500 Hz
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433 9UNA 5 KHz
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4.3.7 9UNA 12.5 KHz
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4.3.9 9UNA 16.67 KHz
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4.4 mssaasundonliluiunszualnih (Voltage —to— Current

Conversion )
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M1 4.2 wannaassmsudasnszua IWuduusundon Ivih

INPUT OUTPUT
4 mA 1.1 v
6 mA 1.5 v
8 mA 2 A%
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12 mA 3 \%
14 mA BLS v
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20 mA el v
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4.6 Iu@,amimmﬁ'ﬂmmﬁu (Pressure Sensor Module)
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M319N 4.2 (dp) wansmead luganmsasinianauey
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GAS SENSOR APPLICATION CIRCUIT

The following shows a basic model circuit of a LP-Gas leak alarm using the AF56 and a
alcohol checker using the AF63. In the LP-Gas leak alarm circuit, the alarm level may be
adjusted with a variable resistor (VR1). In the alcohol checker, the lighting level of LED lamp
may be adjusted with a variable resistor (VR5, VRS, VR7).

5

Regulated Power Supply Buzzer Circuit
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GAS SENSOR APPLICATION CIRCUIT

The following shows a basic model circuit of a LP-Gas leak alarm using the AF56 and a
alcohol checker using the AFB3. In the LP-Gas leak alarm circuit, the alarm level may be
adjusted with a variable resistor (VR1). In the alcohol checker, the lighting level of LED lamp
may be adjusted with a variable resistor (VR5, VRS, VR7).

Regulated Power Supply

Buzzer Circuit
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Raas : Resistor value in gas
AF63’ AF63P Rm/;:s - Resistor value in atmosphere

3

€
gL
o
c _
27/ 04k
6]
T
[OFeatures
@ Low sensitivity to H, and cigarette smoke
® Small dependence on humidity \/ il
@ Initial stabilization time is short
UApplications Gas concentration (ppm)

Gas leak detector (AF63)
Alcohol checker (AFB3)
Microwave oven (AFE3P)
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THICK FILM GAS SENSOR AF-SERIES

Scimarec’s thick film gas sensors are a new type of
semiconductor gas sensor. They offer outstanding
performance, quality and long-term reliability because of
their unique film printing process on a flat substrate.

The gas sensing semiconductor element is fired to one
side of a ceramic substrate, It is covered with a porous
ceramic film for protection against dust, foreign.matter or
undesired gases. A micro-heater is fused to the back of
the substrate. This quickly heats the gas sensing element
to the desired operating temperature. The strong
structure with sensor and heater both fused to the
substrate offers maximum protection against vibration and
shock.

DESIGN FEATURES

High sensitivity and fast response

Less temperature dependency

Long life

Superior shock and vibration resistance
Simple drive circuitry

Stability

GAS DETECTION MECHANISM

The gas sensing element is an oxide semiconductor
heated to 350°C. When exposed to the appropriate gas,
absorbed oxygen on the surface is consumed and the
electrical resistance drops.

The drop in resistance follows a predictable and
repeatable plot. The proper circuitry responds to this with
an alarm actuation or an optical readout.

Operating Conditions
Table 1: Operating Conditions of the AF-Series

e ¥

tei

—10°C~55'C
—30°C~85.C
Variable
Ps=15mW
DC or AC 5V (Max 12V)
DCor ACBY £ 0.2v

S

*T (RstRY

Rs: Sensor Resistane

Basic Test Circuit

The pin allocation of the AF-Series gas sensors are
shown in Fig. 1 and the basic test circuit for use with the
AF-Series ‘gas sensors are shown in Fig. 2, where pins
No.1 and No.3 are connected to the heater section, and
pins No.2 and No.4 to the sensor section. AF-series gas
sensors are designed to operated with a stabilized 5V.

e v, : Circuit voltage

3@\4 | 8 4 R : Load resistance
@i H Heater [-=7}( ' Vqu.: Output voltage
-~ & :[j\

\; & ]

wl I

2>=Bottom face A
diagram

Sergor

o< A 4

i3 Ly
(0035 Heater

34 o1

Fig.l: Pin Allocation Fig.2: Basic Test Circuit

In this test circuit, as the sensor detects the gases, the
sensor resistance is decreased. The sensor resistance
(Rs) is calculated from output voltage (Veur) by the
following formula.

Ve = Vour

out ‘R

The sensitivity denotes the ratio (Reas/Rar) Of the sensor
resistance obtained in the gas-containing air (Ress) to the
sensor resistance obtained in the clean air without noise
gases (Ran).
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receiver switch
accu +
o O : . - DUT?SDSIN { o//o o
10K |
100n = T 4/n motor
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100k
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g Q

Ic is LM393, works good for speed 400 and 7 cells
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MOTOBOLA Qrder this dacumant
SEMICONDUCTOR TECHNICAL DATA by BPXIGD

10 kPa Uncompensated MPX10
Silicon Pressure Sensors MPXV10GC

The MPXI0Q and MPYXVIOGC saries davices are silicon yezoresishve prassura sansars s ER' Es
providing a wery accurate and linaar wallage oulput — direstly propertonsl 1o the applisd
pressura.  Thase standard, low cost, uncempensated sansors permit manubactsrens o
dasign and add their own axtarnal tamperoture sempansadien and signal condicning

natworks, Compensation fachriques are simplifind hacouss of he pradiclability of 0 to 10 kPa {0~1.45 psi)
Metorola's single elerment steain pauge design. Figure 1 shows @ schematis ol tha internal 35 mV FULL SCALE SPAN
ercuilsy on the stand-alone pressire ssraor ship. (TYPICAL)
Features
o Low Cost SMALL CUTLINE PACKAGE URISODY PACKAGE
a  Patented Slicon Shear Strase Stain Sauge Desige
= Ratiornetric to Supply Voitage
»  Easy to Use Chip Carer Package Cptions
v Differential and Gauge Opfona
» Durakiz Epoxy Unibody Elemant cr Themoplastic
[PPS) Sudaos Mount Packags
RO MPXVI0GTEY
Application Examples CASE 4824 MPXI10D
= Air Movement Control CASE 344
* Envirsamental Contiol Systems
o Level Indicatars >
* Leak Detsstion
o Medical Instrumentation 1
¢+ Incustrial Contralz
P atic Control Systems HEXVIDGCTY
. nnunjn 1T LOCRIrol &y uss 382G
+ Hobolics
: PIN NUMBER
10
> 1 Gnd 5 MG MPX10DP
3 5 Vo 5 o CASE 384C
kS Vg 7 biC:
% =Yt i WO PIN NUMBER
NCTF: Pin 1 is nolod by tha patchin |t Gpg |3 Vs
thie tead 2 ot 4 Mg
PIOTE. Pin 1w ondad by ha nolich n
this tead

Figure 1. Uncompensated Presaure
Sensor Schematic

VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE
Tha output voltags of the Gfferential o gaugs sensor increases with increasing prassure
applizd to the prossurs sids (P1) relative t> the vacuum sids (P2}, Similarly, output valiags
incramses as NEreasing vacuum is apeted 16 the vaguum sce (P2} mlkslive to tha prassune
siby (P1)

BEV 10

@ AMaTOROQLA
R Mavacia, bar 2001
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MPX 10 MPXV10GC SERIES
MAXIAUM RATINGSINCTE}

Rating Symibol Valug Uit
Maximum Prassure {P1 > P2} P 75 kPa
Burst Prassgre (P » PO Phasint 160 kPa
Starags Temparaiue Tag A3t 5120 i3 o4
Oparating Tempaeralumn Ta b +12h 2

NOTE: Exposus bayord the specified bmils ray canss parmanent damage or gagradalion (o (bs davics

OPERATING CHARACTERISTICS (Vs ~ 2.0 Ve, Ty » 26°( uniess athorwise natad, P s P

Characteristic Symbol Min Typ Max Unit
Dittararaial Prossure Range ™ P 0 — 19 KPa
Supply VokagatD Ve . an 5.0 Ve
Suppdy Cuernnt b 50 mArk
Full gl Sparé™® Vegs 2 4% &0 my
Ollzelt® [ o 20 35 Y
Sensilivity BAVELS = 35 — APy
Liresurity!® s =10 i 10 *a¥pgs
Ireggurg Hysteresis™ 10 10 10 %Pa) — — 2%, — SV pay
Tamperaluee Hysteresial® (~40°C to + 125°0) - — 2 E) — %Wns
Tamperalure Coettcient ol Ful Scale Spani™t FOVERs ~(.22 — ~0.35
Tarnpsaraluna Cordfsient of O‘dssrg? TN = 15 —
Toraparalurs Doedicant of Aesstanes’ TCR 328 - 534
Input Irgedanss 4t ACKY By
Outma Impedance Toie piis 1256 4
Raspansn Time™ (108 1o $7%) In - 1.0 ms
Warm-Ap Timal?) s i ¥ : ms
Ollsed Sxabilityldl - - 205 - “%Vrgg

MOTES:

- LD kPa lsPasead) exqeals 2,148 pei

2. Qerdca is ratomeolic witiin thes spocited exdlion rarge. Daerating tha dedce Aboss the specilind meeitalicn iz may e additiors

errar due & davice sefl-huating

Fuf Scale-Bpan (Vpeg) is dalined as e akjebeic diiomnze batween the colpul vellage sthdl rated prossiee and the atput wakaga al the

WLy ratod grossun.

- Dillset Vol is defined as the outgt vollosge af the minemum saisd pressum,

Aecuracy feree burkpet) congixls al e lollvwing:

e Lirsariy Quions davealion rem & straight line radalionship wilh peessuns, usng 2o point meollod, ovey the specliod
FYUSELINS e,

» leeperators Byswresia: Oata davialion & army IEenperanies within i opsratry lamperaiure mange. slter the lenpa@ius s
cyshed o aved lrorn thie enivimurs of nmdem comatng lergesslune poinls, will sero dilersnlial prrsssune
applizd.

¢ Pressue Hysteresis: utput deviation at arry pressuns within the spacdnd sanga, whan this pressurs is cyuded to and fmns the
IO OF MaxknLn: sisted essum, & 2550,

B

4

[<i}

o TeSpan Cluapuat dovialinn &t ol rated prossure ovar the lermparaluna rarge of O Lo 8570, relatie 1o 257G,

» TeDitsan Ouipet cavialion with minimorm rabad prassore apphad, aver his lsmpemaiue angs of 0 o 85°C, ralabye
2570,

s TCR: Zy dawiaticer wilh minimumm rabed prassurs appliod, over she lemparahure args of ~40°C 1o 41250,

(alative 19 2570
- Hesponse Tme s defned ag the tmeder ha ikcremental change i the culpan b o0 frem 0% o805 of s lingt vakie whan subgectad o
a Egmailival shig change n prassirg,
‘Warm-up Tura is dalined ws ba line renoind foc tha prdiact lo mest e specind owlpl wakbans after the prassees has beee stabikoag.
Ciizat Stabisty s the product’s culpal desiaton whan subjestad o 1008 heurs of Pulsed Pressure, Temparatums Gyekng with Bias Tast

T
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TEMPERATURE CONMPENSATION

Figura 2 shows she lypicat oulput characteristics of the
WMPX13 and MPXV10GC setes ovat amperiurg,

Becausa this sleain gauga is an intsgrad past of the silicon
dinphragm. thars are no Wemperaiure alfects due 1o diflar
eneos in the thermal expanson of the stran gauge ard the
diaphragm, s are ollan encountered m bondad strain gauge
prassure sensors, However, he properties of the strain
gauge dsell arg lemperatuse dependent, reguiring that the
devica be temperature compeesated il is 10 ba used over
an extenzive lermperature range,

Temperature cormpensation and oflsel calibratos san ba
schieved rather singdy with additonal resistive compansnts,
or by dasigning your system wsing the MPX2010D safes.
221301

Several apgroaches o etemal temperaturs compensa-
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Flgure 2, Qutpul versts Prassure Dittarential

MPX10 MPXV10GC SERIES

tion cver bolth —40 to +125C and 0 te +80°C ranges are
prasentad is Motorla Applications Mola ANS40

LIMEARITY

Linaarity wiars te how well a ransduser's cuwiput Icllows
ther aquation: Ve = Won + sensitvity x P over the opersting
pressure range (Figure 3). Thers ara twa basgic methods foe
shtlating neolineanty: (1) ersd pont straighl ling it or (2} a
laasl squaras bast line fit. Wisle a jsast squaras fil gves the
*best case’ Sasanty error (lowar numenzal valuel, the cal-
cutations required ase burdenscene,

Cenversely, an end point 81 will ghve the “worst case” erer
{often more desirable in eror budgst caleulstions) and the
calcuations are mare straightforsarnd foe the user. Motorcla's
specified pressure sensor linearilies ara basad cn the end
point straight line methed mesasured at the ridrange prassure.
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Figute 3, Linearity Specilication Comparison
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Figure 4. Unibody Package — Cross-Sectional
Diagram {not to scalke)

Figums 4 illusbates the difersrtial of gawge configuration
in e basic ship axrrier (Case 3443 A silicons gel isnlates
Ire die surlace ard wire bonds froms the emdrenment, while
allowirgg the peessure 2ignal to be trassmated o the siicen
diaphragra.

The MPX10 and MPXYI0G0 apies pressute senzor opar-

aking charactaristics and inrternal refability and quaificaton
tests are based on use of dry ©ir as the pressure media, Ma-
dia cther than ey ai may have adverse effects on sensor per-
formanie and long lerm mianily, Contaet the factory foe
infurrmaticn regarding reedia campabibility In your appisation,
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