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Abstract

This project is about A Controller Design And Display Of Heat Wind Using Multi

Temperature Sensors Average for decrease PG payment and casily to control temperature.

Microcontroller MB&9202 is the controlting with PID-control system. Microeontroller is reccive

input from 4 sensors in oven to average and use that to control LPG.
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z‘l]ﬁ 2.19 D.C. Motor Circuit [www.cpe.ku.ac.th]
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2.5 Smart Temperature Sensor : SMT160
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Version 7/2005

SMT16030 DIGITAL TEMPERATURE SENSOR

Features

Absolute accuracy + 0.7 °C

Linear output within 0.2 °C

Resolution better then 0.005 °C

Duty Cycle output

Calibrated on chip

TTL, CMOS compatible

Temperature range 175 °C (-45 to +130 °C)
Directly connectable to data input of microproeessor
Easy multiplexing of multiple sensors

Typical applications

Healer systems
Measuring instruments
Washing machines
Overheating protection
Appliances

Introduction

The Smartec temperature sensor is a sophisticated full silicon temperature sensor with a
digital output. The one wire output {duty-cycle modulated) can be directly connected 1o all
kinds of micro-controllers without the need of A/D conversion. The temperature range is —45
°C to 150 °C. The high resolution (< 0.005 °C) makes the sensor useful for high precision
applications. The sensor is available in various housings like TO18, T092, T0O220 and for high
volume production in SOIC. Special housing can be manufactured on request.

Product highlights

The SMART TEMPERATURE SENSOR features a duty-cycle modulated square wave
output voltage with linear response to temperatures in the -45 °C to +130 °C range. The
absolute accuracy is better than 1.2 °C. In the range [tom -30 to +100 °C absolute accuracy is
better than 0.7 °C, while the linearity is better than 0.2 °C (Model TO18).

SMARTEC B.V, Delpratsingel 26 WWW.SMARTEC.NL
4811 AP Breda, The Netherlands Tel: +31{0)765205353
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The SMART TEMPERATURE SENSOR is calibrated during test and burn-in of the chip.
The integrated modulator ensures the sensor unit can communicate effectively with low-cost
microcontrollers without the need of (onboard) A/D converters or an Xtal controlled

oscillator.
The SMART TEMPERATURE SENSOR combines digital output and on-chip calibration to
ensure major cost reductions and performance-related advantages.

In applications where multiple sensors are used, casy multiplexing can be obtained by using a
corresponding number of microprocessor inputs or by using low cost digital multiplexers.

Since the sensor requires no subsequent calibration, optimal cost savings are recorded both
during manufacturing and in the course of after-sales servicing.

Pin-out and housing.
SOIC-8 TO92 TO18 TO220

Cﬂ 2 l_—}o

. o8 V‘ i
HHA ﬁif‘* Pinl +V ] 3
A
v Pin7 GND = e =
3.85/6.1 <
i ‘ Pink Ou
ﬂ B ?F hd \‘[,- All Sizes in mm. bottom view
/ .,‘;, e (:) T - - -
Pin 5 041 | 57 [23 1 Output 132
- 2 +Vee metal hackplate = GND
3 GND
HEC housing
R J 4
[ 1' - [ OO0 ' C = 100 nF Pin 1 Output
C 2 3 1 :3"3 2.5 {(between Vecc and GND) Pin2 + Vec
n
[ 3 : Pin3 GND
| /" A
. h 4
Ly - e 8.5 . [
mm
-2
SMARTEC B.V, Delpratsingel 26 WWW.SMARTEC.NL

4811 AP Breda, The Netherlands Tel: +31(0)765205353
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Specifications
TO18 TO92 |TO220 |HEC |SOIC-8
Parameters min l typ | max | max' | Max | max | max Units
!

Supply voltage? 4.75 5 7.2 : ‘ - V.
Supply current 160 200 * ‘ HA.
temperature range3 -45 130 * ‘ : - °c
Total Eu:curﬂcg,nr4 30 +100 C 0.7 1.2 1.7 1.5 1 ‘C

-45 + 130 °C 1.2 2 1.7 1.5 1.5 C
Non linearity 0.2 0.4 05 1.0 1.0 °C
Supply voltage sensitivity 0.1 * . * G
Repeatability 0.1 0.2 02 0.2 0.05 °C
Long term Drift 0.05 0.05 °C
Operating
lemperature -45 130 * * " * C
Storage temperature -50 150 * * * - °C
Qutput
- duty cycle =0.320+0.00470"t { t=temperaiure in C)
- frequency 1 J - 4 - * ‘ Khz
- noise 0.005 * * * °c
- impedance | 200 ‘ N * Ohm
- short circuit infinite maximugn current applied 46 mA

* All not mentioned specifications are the same as for TO18
Case connected to ground

3 The SMT 30-160-18 can be used from -65 to +160 °C for a short peried without physical
damage to the device. The specified accuracy applies only to the rated performance
temperature range.

Total accuracy includes all ervors.

3 Applicable from -30 to +100 °C

SMARTEC B.V, Delpratsingel 26

4811 AP Breda, The Netheriands

WWW.SMARTEC.NL

Tel: +31(0)765205353
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Product description

The SMT160-30 is a three terminal intcgrated temperature sensor, with a duty-cycle output.
Two terminals are used for the power supply of 5 Volis and the third terminal carries the
output signal. A duty cycle modulated output is used because this output is interpretable by a
micro-processor without A-D converter. while the analogue information is still available.

The SMT160-30 (TO18 model) has an overall accuracy of 0.7 °C in the range from -30 C to
+100 °C and an accuracy of 1.2 °C from 45 to +130 °C. This makes the sensor especially
useful in all applications where "human” (climate control, food processing etc.) conditions are
to be controlled. Due to its very high resolution (< 0.005K) this sensor is especially suited for
applications where very accurate measurements are needed.

The CMOS output of the sensor can handle cable length up to 20 meters. This makes the
SMT160-30 very useful in remote sensing and control applications.

Understanding the specifications.

It is important to understand the meaning of the various specifications and their effects on
accuracy. The SMT160-30 is basically a bipolar temperature sensor, with accurate electronics
to convert the sensor signal into a duty cycle. During production the devices are calibrated.

The outpult signal
The output is a square wave with a well-defined temperature-dependent duty cycle. The duty
cycle of the output signal is linearly related to the temperature according to the equation:

D.C. = 0.320+0.00470%
D.C. = dury cycle
t = Temperature in °C

A simple calculation shows that - for instance- at 0 °C:
D.C.=0.320 or 32.0 % and at 130 °C
D.C.=0.931 or 93.1 %

In the output frequency of the sensor there is no lemperature information, only the duty
cycle contains temperature information in accordance to the formula given above. The
output signal may show low frequency jitter or drift. Therefore most oscilloscopes and
counters are not suited for verifying the accuracy of these sensors. The temperature
information contained in the duty-cycle value, however, is guaranteed to be accurate
within the values specified for each model (housing).

SMARTEC B.V, Delpratsingel 26 WWW.SMARTEC.NL
4811 AP Breda, The Netheriands Tel: +31(0)765205353
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Total accuracy

The mentioned equation is the nominal one. The maximum deviation from the nominal
equation is defined as total accuracy. With temperatures above 100 °C the accuracy
decreases.

Non linearity

Non-linearity as it applies to the SMT160-30 is the deviation from the best-fit straight line
over the whole temperature range. For the temperature range of -30 °C to +100 °C the non-
linearity is less than 0.2 °C (TOI8).

Long-term drift

This drift strongly depends on the operating condition. At room temperature the drift is very
low (< 0.05 °C). However at higher temperatures the drift will be worse, mainly because of
changes in mechanical siress, This drift is partly irreversible and causes non-ideal
repeatability and long-term effects. At temperatures above 100 °C (but in the operating range)
a long-term drift better than 0.1 °C is to be expected.

Noise
The resolution is better than 0.005 °C. The standard deviation of the noise level (measured
over a 20 ms. period) is below this 0.005 °C.

Time constants
The time constant of the sensor is measured under different circumstances.

To compare this with other types of sensors the same kind of measurements were done. The
time constant is defined as the time required to reach 63% of an instantaneous tempcrature
change.

The figures mentioned below are difficult to measure; an accuracy of around 5 % 15 a
rcasonable estimation. These figures only apply to the sensor built in a TO-18 housing and not

the TO-92, the TO220 nor the naked chip. The values found only depend on the physical
parameters of the measurement setfup.

SMARTEC B.V, Delpratsingel 26 . WWW.SMARTEC.NL
4811 AP Breda, The Netherlands Tel: +31(0)765205353
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condition timeconstant
(s) (TO18)
mounted in an alu block of a cenain 0.6

temperature (mean value ot different measurements}

in a bath filled with oil that was stirred
{mean value of different measurements) 1.4

Moving air with a speed of about 3 m/s
- without heatsink 13.5

- with heatsink 5

Non moving air
-without heatsink 60
-with heatsink 100

Overview of time constants in different conditions

General operation

A simple way of measuring a duty cycle is to use a microcontroller. The sensor output can be
directly connected to a microcontroller input. The microcontroller can determine the duty-
cycle value by sampling the sensor output. If the microcontroller is not fast enough to
determine the temperature accurately enough within one sensor output cycle, the sampling can
be extended over multiple periods. This method has the advantage to filter out noisc. From the
theory of signal processing it can be derived that there is a fixed ratio between the sensors
signal frequency, the sampling rate and the sampling noise. This sampling noise limits the
accuracy and amounts to:

Trrmil'= 200 * 1, ./.rqrn"6*tm *tp)

Towor = measurement error (= standard deviation of the sampling notse)
IR = microcontrollers sampling rate

total measurement time

output signal periodicity of the sensor

Im

Ip

Microcontrollers can sample at a high frequency so with a simple program it is possibie to
measure the sensor's duty cycle within 50 ms and a resolution of .01 °C.

SMARTEC B.V, Delpratsingel 26 WWW.SMARTEC.NL
4811 AP Breda, The Netherlands Tel: +31{0)765205353
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NOTE:

The above mentioned error is NOT related to the intrinsic accuracy of the sensor. It just
tells us what happens to the accuracy (standard deviation) of the measurement of a
digital signal, when that signal is being sampled by a microcontroller.

About noise protection and how to prevent damage caused by a wrong
power supply polarity.

The Smartec SMT16030 is based on a free running oscillator. Periodic spikes on the power
supply line may make the oscillator synchronise, resulting in a false temperature reading. To
overcome this problem it is advised to put a filter in the power supply line of the sensor. It1s
suggested to use a low pass RC filter as given below. An additional advantage also is the
power supply polarity protection of the sensor. The resistor of 220 Ohm limits the current
through the sensor to about 25 mA. At this current the sensor will survive a possible wrong
power supply polarity. The software can detect the presence of the output signal and therefore
a proper connection of the sensor. See below for a suggested diagram.

QO+

+3 V.

R=2200
ouT —) +— SMTL6030

Gnd C=0.1-1pF
O +——

Power line noise filtering and polarity damage protection

For more information about how to measure duty cycles by means of a microcontroller, please
refer to our application notes, available for download at our website WWW.SMARTEC.NL.

SMARTEC B.V, Delpratsingel 26 WWW.SMARTEC.NL
4811 AP Breda, The Netherlands Tel: +31(0)765205353



e a v & I's
Tﬂ'i\‘l{l”l% nasaanuuyIEl ‘Uﬂ?iJF’l&lqm“ﬂiﬂa%ﬂ'ﬁ&'U?%ﬂ'\‘SHﬂmﬂ&lB%ﬁﬁnﬂ%ﬂ

AANE %qﬂ%m%ni

- = ar a 5 s e Ll
ﬂ’]ﬂ’l’ﬁ’l'lﬂ')ﬂ?‘ill?zﬂ'l_l?@?lu AL IAINTIUATNT N“W'JﬂH’IRLIW]ﬂIuIE\UN“’]%ﬂ‘E

Email : piaitiemutac.th

TasgsnuitdlananisaanuuuIzuuAILAY amv..nﬁlun?m%mw%%ﬁaﬁﬁnUuﬁTQUﬂw*:

paANWLL aﬂnsmmuauwaaamwﬁmm IR Yaly ﬂmmmﬂl“ﬁ‘lunﬁ “U9wANTlepI NIRRT RSl W e

WaﬂLﬂas'naluiﬂsaawum@aanmeamaﬂmmﬂmmmmulﬂmmﬂuamm aslama aaaaa@\m 50 KVA

Tanlwy m:uLﬂszuﬂau'lumiﬁ,mmmun'[@mm‘[maﬂu"lﬂmﬂaaumsmawnu‘i.umiﬂu‘[waw

o~ & v o I - A9 va '
qmmunﬁmwamumagam:'l-ﬁ‘lum-sﬂwﬂ'gmazmﬂ'umia anuuuledTatilasilvinanuniuwes

anmzmsianuasslulsanuaasmnssy

1. unwn
ﬂaqﬁuns:u*mnww%wﬁaﬁwnuusﬂﬁﬂmﬁa@
& o ar - '
asaznanttlunitdansaanilsznausiagued

wiaursnaudaaunisigenuiangalsaim

700-800 84T AL EIWNITAR BN TUAIWLA

daudszamiunarindunauiliosezdesiims
muquqmunﬂﬁlmmlﬂﬁqmﬂqﬁmuﬁﬁaamﬁ
ém‘?umsmuauqm%gﬁmmmﬂﬂ"[ﬂums
muquwﬁaaﬁuiwﬁwﬁﬂaulﬁﬁuﬁﬂLr.sla{ﬁaﬁu
WaNNTDa9TAIENMIafindindeniiunn 1ad-
'nanJLﬂa‘ﬂrﬂuﬂnf’ﬁLLﬁﬂaﬁLfJ%’ﬁﬂﬂLﬂﬁﬁﬁﬁﬁé’a
74 qfuﬁmnﬂmnwﬁﬂ s [ Rashid | fail
ETnHm:wﬁﬁaluEﬂﬁl 1 weTINATWBIENT Y
%ﬂansﬁﬁwﬁw'ﬁ"ﬁauﬂ’mqaua:guaszuuﬁanﬁiw
veassunisulasamsilawuilyminedsed
I a%ﬁﬁ’uﬁwmnemm:madb'uﬁ%ﬂwnﬁ@ HwWg
ﬁnan:l.ﬁﬂ{'JQ}uﬂuns:ﬁﬁ'maﬁugwalmwmﬁwaa
srov Wi lulssowiunrantollniodszay
wsesnludnanensesdsualwnmeianuyonady
aﬂnJa‘?mfuﬁaauqmé’mdaamnmsﬁwmmaa
supileanwnisluvasadratidaialéiszuy

. o . . ' s A P
1“311J’]'iﬂ“ﬂ'lxﬂ%ﬁl a%awm:mwamunu‘mmuﬂ

aulutmlummsaulw actiugninlulassruil
faa'lﬂmmmanuuum'n'ﬁamﬂaﬂuanumw
Aremdasrarniuluudasinaiasadyn
FINEVILATIANINITUENSITEINAIUAY
anm.nmaanmmaf\n‘ﬂmﬂ;Jmaaowu'lvlﬁﬁmm
'lrmnuamm adsananhuLiad aﬂnsm‘lmﬂm
aiﬁwu'lulmaamufa:mmﬁnﬂmmumaam'lu

sruunla nh}'{hLﬂuﬁaamﬁﬂuqﬂnﬂﬁﬁﬁ:uu

Heuater

—_— |
| SIS |

o Au o a
LU wasalias 3 Wanludeaniintoa



nnass T s neadn 3 eda

A B CN
(AT
CRLPHUTEITRE -~ 1395 Chopper
wuu@Inaa nuu 3 e
Faunas
]
A
i """""""""""""""""""""""""" ;“-;v"--'-'**“"—-"'-----""""—-"":
wasluatitla
g sunisina ol

71 2 Tasaasoundszuy

o A o

2. MATNINWIRYDITEVUNATRITEANUUY

o “ [y d .
A 2 dulaseasrlansiuvaaszuuhnin

J LY 1 ' ﬂ‘

msaanuuylulnssniifilsznaudiua@Iunandghn
dany laun
- gesmamdssE IRy g IMnAnaatond
- wasaningunni

o

& v A
- Melnsnaulnsaimaivinndinaiuauamngi

L

tJ e ] 1 1 o A’
‘ﬁ\??):\lﬂ SEUNHUNTTNNN ‘Hl‘l—lall,ﬂ ATFEIUAIH

2 1 s mafa R a IR MnInLeadand

o B . =4 ed . |
yaslwmaidssUsznaudtiaadaninaaiu
wontadvetiedaigli 3 lanlidinuea1es
AeFY M3 nuATTLLOAT N$TIN0YAI01993

v e a = ¢ o a s
rfudyywriinieatoruluniazllofie’

o e o o '
TCA785 ’uaamwﬂ:ﬁmuﬁmaﬂ’mqumLmuazg‘u

o

4 » o ¢ e ' a
ivldeadanfisuieuluudanivauazain
Fasntslvudaziaduiaszamnanayyimd
afudmiunisaiunuasdarfudannaias
vnudaseeiudis  dmdulass
sfamesnssaiudgunmniniosdeniluudas
L4 [ 2] a A
Atz uanna lugLf 4 uazag g minufy

o oA . A £ o g ot 3 o
3-“3»17] NN EII‘P'ILE] FHOVIUINTELLAUIZ L'],J WALLIIP W

}
Heater
B L
i ‘ Healer
i 7
c : I SR
3 I
i i
i
! :
; i
b4 i

;Ui 3 Taseafiaesniniida
pgjludas 5090 Iaaﬂqmmfjamaﬁumuqmi{ﬁ
sty 0 Tagazidumsdanuliiaadoniviu
L‘-’%uﬁhn1:uaﬁyuﬂuu‘aaﬁ’1"§a~iuﬂawmnﬁm’w
anﬁmmﬁmﬁu§nﬂ§i‘u‘lm§1‘f’1’§ﬂm afuazlunis
maﬁuﬁmmmmﬁumuquﬁﬂ auldnuTCATSS
iy 5 Tasaadotiana ﬁwnszuaﬁgu

& et o A
180parnuhaalulusssundainas



weEsItdni % i

R
Ty

st
U 4 2sesatdmnineadond

unanludmnaanisadady g aninieatand
winfiasiudaurasasiuinauadaadenidln
ﬁ{{ﬂ:‘liqﬂnsniﬁﬁun’haaﬂiﬁﬁﬂL'i‘]a( Opto
couple) Tunsuundyanmaiuauiastaiioan
nasaTnaaiissfilueafanfiiasnniny
Lﬁumu-uamaﬁmuQulun‘srﬁﬁmﬂﬁwé’aaﬁﬂ
TIANTDARIDS 31]?'; 5 n:n.ﬂuzﬂ-‘f?umu‘luﬁau

20INIRINE Y ININOATE IR

Py N A N, bt

A o & oA = “
31J°n 6 mﬂmmmﬂmaammﬂu@a

v 4 aa =

Fm5ui9TnntdeTanAe o aTasnwlu
AW w v A 4 A
Iﬂwmuﬂmﬁanl'ﬁ'ﬁuﬂﬂLﬂulug}aiau‘luwm

Iugaa:ﬂsznaum"amaa-‘ﬁ'a'l{aaaﬁ"wianﬁuiﬁ

a .ot . a 5
m‘[‘nmt.a:mhmmnum‘{mw:lmammﬂuqa
A o e v a &
YIruUaAIIWIu 3 mmunummu'[ugaua:gn
a & . P A a
mmmummua'gutﬁumwm:mnmm%aum‘lu

517 6
U

2.7 2995 BANILAN N TUHRN

' & -
e dniazaanuuulasltulasaan
Insaisasuuia 8 daluaszna Mcs-51 Was
‘J =1 1 [ d L 3
89C51RD2  eindanauinlusunsalduuy
o vd A o a
LW ETIUNE B4 NlatudTiRpInada InIunNg
ﬁwuﬂﬂmnmmuqm:uuﬁaumm%u.a:
. ™ a A i
W.G;Na'lum's'lwmww'lumswmmumuaamu
a = w L -] =1
daarnadsulisunmuaihannunuuuuiilad
o [ '
pavesnettalusunssldionimisignieue
- P -
alfuLATafinTzuIwnMInIUnugmun i
IJ 0 Loy} A o o L
nezuumsnWwleinndfouslassaaiinld
o e . .
ssuululasnanInsamasnooncuniuianle
duddasinsdusyyralunisaiunuligatn
T.ﬂu'l.ma:u.nm'naaﬁquuqmuqﬁ'ﬁaanuuu
- a ol 4 Y ' 4
uuuammluzﬂﬂ 7 TaUsrnauaiIosIwaEL g
o A
fadh
-vslulnsnaulnsaaed
- 2vsulsdFIE AD
- sasuasA e D/A
- JNN@UAZ IDURAINA

Pl v w e
- ".I\‘lﬁ]‘ﬂ.lUWULLH:L‘HBUQBHULﬂB?INﬂUl'LJﬂ

Iﬂului&m'luiﬂﬁﬂau‘[mmaafﬁua:gn‘[ﬂmnw
@ L l:‘ L] oA
nsvrwldarenlaviniseanuuulifnfe
- . e & o d . 4
mwsasudhsamnindaimisnnuneds
aanuuulﬁﬁwmuluﬁnum:'ﬂaaLm;Jn.San
' o o o * '
mummnuqﬂn‘mmE"l'ﬁ“’lu‘[*m'mamqumumu.
| . PO S e
TassnunesisavaanUinasiuathlanwaniilu
» o 2 a a d A
VRN C LRI CE: o S RN AL TG R RE R R I T

P n o o '
ca'mqmnqmtwalﬁﬁﬂLﬁmmﬂuﬂqmmamaama{-



R

tsvinlasdyum |

i
\ A D
L-J

frysy A 3Ry

Tsntag

Ay 130 A

| — _

39050
namod Tumila

A v -
s 7 lnseaieasnanluaugunn il

— _ . dy
Tudtiila (Reference Junction) uas @ unle
o & a =
mn"ani'umﬂmyrywmm:gnuﬂﬂuﬂaanJu
AYRIMATRaad 10 1LY IR Y I MaUIAEN
Hudiaaauuwin 12 06 #1mSUNITASIIUAIN
éﬁmuquqmwnui]'lﬂz"fmmﬂa%'namﬂa-h:aﬁu
fuvsulasdreaygrmuaians Widwdywm
AWIRONIWIA 0 D2 10 e dmsudanainu
o - = o
'uaammuqm:gnaﬁuﬂu‘[ﬂ'sunmmuquﬂ
o A du w
ruunlulatnoulniasadlanlunila
aanuuulavldisnsaruauunniladi{Frankiin]
@ o ' = ¢ . &
aunsoUsunlfuudrmniiieaduasdiniuguis
“1@1"[@1um:sl'ﬁqunmﬂumw%anlumsﬁwmu
“ o . o o . o s
muua‘lmma:mmmﬂmmauummsmmai
a. ™ o 2
mmuqﬂmnm:aunm:uwaamumalmalu
amﬂm:l.ﬁuﬁaﬁ'fulumm%’uguﬁnawaaﬁ”’:

A e v [ x
muaudarzilildnuldhn i

3. MINGADI
Fwiunimnasavsuuldnaaninis
Ynawrasrsariudmniiwodvadiairoulay
ﬁwmiﬁamx‘saﬁu‘lﬂﬁwmmamuﬁa@m‘sﬁ’lam
Imu%ﬂﬂﬁ'umaﬁuﬁﬂnﬂéauﬁ@ma%i‘nﬁaﬁmi

- o + ) o & =
LﬂauumaamuquLngﬂﬂammmuuuLﬂauu

A o ) ' o
aufiseenuuulinialidnadiszagiasu

e Ao a1 .- | d =
WS IAUNF1EIA ‘]LLHﬂG@GlHEﬂ‘Y] 8 D910 Faiu
WSIAUNLAMIN 0,60 WAz 120 89 AUET Y
. - & o A,
mumiﬂmaam:uumuqugmnqﬂuwmuum

o . )

nmanasslasasisuuuiiaaiuagumaaniie
arursanaaaslalapdrwuazifislwaiviin
a v o] . = °
vowldauneonwuulinauniasih lyneaay
a . A
nus:uuasﬁu‘[wamqmmmnﬁummlﬂﬂms
W P & i o
muum‘mﬂaauluﬂmaaalmwaumamﬂau
o PRTI e A
fammnd liganndnifiosainnimuniiuian

T g F‘I L : ] L -
'uaaqinﬂaanl-mn@aauuu'[ui@umagamnimulu

- « a e
E]Jﬂ 11 Lﬂuuamauauaomimuquqmngm
ﬁﬁﬁogmﬂqﬁﬁmmwﬁu 70 asanasiinalannag
e e o . d
fldazidudgmunlasidrganiizaidiniem

dozunme 4 win 34 Jud (lufllvea)

Tek tun (ukdey  Rverwr
L e 1 [ETI

o ke Tom wadThr s Fee

o PO A -
Ik ussnLIalea v A hyunin 0 a9an



Tak fun cohGss Avirags
|

T W3 AT 7 IV

i o da '3

=1 A <
Eﬂﬂ 9 usInunIeLAaILNE A NyuNIN 60 AN

Tek Run: 10k3/s Average
f- - T

Tmow Mo fms (RS v

3U# 10 WTuNTeinaIWR A N3N 120848
4. as1l
mnmsaanu.unN%’N‘:tuumuquqmugﬁuaﬂﬁ
. & ,
NARBUNITYITulw 2 adwWU TR ULEINISD
3 -~ 3 JQ‘ &
A1 uleaudr s REI TN ANIINARAUNY
o A4 A v a A a A

sTuusIwISsEsann e llSn AN uA LI Taalu
stuutduitanesdssmeiui lwuanis

171

annad ( porrnesdflus )

k) .
B //
Ll

L 434 wd | Ty

N 1 HARDLAKEINTINILA VAT 70 BaeT)

Fuadautundludsfiaelululasenuiuasdold
mmgnfﬁﬁam‘saammunsiamﬁﬁumwiww

aidgwiludasnasnrnufanaizurlénn
panuuLITULizuItadInuToulddwaingo:
ﬁatn’%ama:‘szuuﬁ?uﬁm'sumhmm‘ssiauﬁwija
(mnﬁwmﬁlﬁuﬁﬁﬂ) wazanudaniiiaduly
savsfezune i dainluduaawuas
mseanuuuitaldluszyuiiuaiaasdasing
sagUnsales glimunzaunauyssgaingss
wasimTssunoanuiouRanaufesfianalfom

lulssnupasmnssud a'ld

5. Aimanssudscnd
49w a 0 &
lassnuilafusuyszumatuauuaindin
nainkauaukIIwide dipgaainnssy
'[ﬂ-iam's'[ﬂwa'mqﬂawn*smﬁm*:”uﬁnﬁnm
Ui greidsednl 2546 uarvavaunmudnm
- o e od & A A a ~
whnouinanaNatayaioAusLLNUIH
nara1dinsianiainsrodudnnouidn

& g
Us=Temiluntsasnuuuszuululosirui

LenaID B
Gene F. Frankiin. Digital Control of Dynamic
Systems , John Wiley & Son, 1990,
Muhammad H. Rashid. Power Electronics

Handbhook , Academic Press, 1999



IS72

L2938

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEURP TO 46V

s TOTALDC CURRENTUPTO 4 A

s LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 15 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enable ordisable the deviceindependentlyofthe in-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
spondingexternal terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

DRDERING NUMBERS : L238N (Muitiwatt Vert.)
L238HN (Multiwatt Horiz.)

L298P (PowerS0O20)

nectionof an external sensing resistor. An additional
supplyinputis provided so that the logic works at a
lower voitage.

ouvH o%n vsg wons | OUT3 omc:;
2 3 - ] \73
+¥%5
i g el NI :
oon? '
DK O DK S
1 2 3 &
P & r]
>
+— r>_Cl—4’ 4
la! y 0 _L:n}l
EniA '3 EnB
O ) 5
1 15
SENSE AQ—4 ) _L $—OSENSE B PR

L].RSB
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 Vv
Vss Logic Supply Voltage 7 \
Vi, Ven Inputand Enable Voltage -03to7 1%
la Peak Outpui Current {each Channetl)
~ Non Repetitive (t = 100us) 3 A
—Repetitive (B0% an —20% off, ton = 10ms) 2.5 A
~-DC Operation 2 A
Vsans Sensing Voltage -1402.3 i
Pot Total Power Dissipation (Tease = 75°C) 25 w
Top Junction Operating Temperature -2510 130 °C
Tag. Tj | Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ l_ Y ce—) CURRENT SENSING B
1 [ DUuTPUTA
‘@' w QUTPUT 3
2 | INPUTA
L E— ENABLE B
1w ————> mnPut2
s LOGIC SUPPLY VOLTAGE Vgg
pultiwatt1s S ND
A E— INPUT 2
8 [ ENABLEA
L R INPUT 1
4 3 SUPPLY VDLTAGE Vg
@ KT OUTPUT 2
Fi E—— R TV) V)
\ f o~ CURRENT SENSING A
Z TABCONMNECTED TORPIN G DERNZINA
’
GND 1 1 20 [ oND
SenseA 1 2 19 [ SenseB
NC [ 2 18 ] NC
outt | 17 ] Outd
ouz2 [ 5 PowerS5020 5 ] ous
ve C_1 6 15 [ inputd
lnputt 17 14 1 Enable B
Enabiea [ 8 13 1 Input3
nput?2 ] ¢ 12 7 vss
GND [ 10 11 1 GND
CQLINZ30
THERMAL DATA
Symbol Parameter Power5020 Multiwatt15 Unit
Rinjcase | Thermal Resistance Junclion-case Max. - 3 °CIW
Rin-amb | Thermal Resistance Junction-ambient Max. 13 (%) 35 "CIW

(" Mounted on aluminum substrate

213
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L2983

PIN FUNCTIONS (referto the block diagramy}

MW.15 Power50 Name Function
1;15 219 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
conirot the current of the load.
2:3 4.5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
conneded between these two pins is monitored at pin 1.
4 6 Vg Supply Voliage for the Power Qutput Stages.
A nondnductive 100nF capacitor must be connected between this
pin and ground.
57 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
611 8,14 Enable A; EnableB |TTL Compatibie Enable Input: the L state disables the bridge A
(enable A} and/or the bridge B {enabk B).
B 1,10,11,20 GND Ground.
9 12 VS5 Supply Voitage for the Logic Blacks. A100nF capacitor must be
connecled between this pin and ground.
10,12 13;15 Input 3; nput4 TTL Compalible Inputs of the Bridge B.
13; 14 16:17 Qut3; Out 4 CGuiputs of the Bridge B. The cumvent that flows through the load
connecled between these two pins is monitored at pin 15.
- 318 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, T) = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Vs Supply Voltage {pin 4) Operative Condition Vih+2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 5 7 \
Is Quiescent Supply Current (pin4) |Ven=H; 1L =0 V=L 13 22 mA
V,=H 50 70 mA
Ven = L Vi= X 4 mA
lss Quiescent Current from Vs (pin8) [Ven=H; || =0 Vi=L 24 36 mA
Vi=H 7 12 mA
Van =L Vi=X 6 mA
Vi tnput Law Voltage -0.3 1.5 Vv
{pins 5,7, 10, 12)
Vi Input High Voltage 2.3 VS8 v
(pins 5,7, 10, 12)
li Low Voltage Input Current Vi=L ~10 pA
(pins 5,7, 10, 12)
lin High Voltage Input Current Vi=H < Vg —0.6V 30 100 HA
(pins 5,7, 10,12)
Ven = L |Enable Low Voltage (pins 6. 11) -0.3 1.5 v
Ven = H {Enable High Voltage {pins &, 11) 2.3 Vg N
len =L {Low Voliage Enable Current Ven = L -10 uA
(pins B, 11)
len =H |High Voltage Enable Cusrent Ven = H 5 Vg5 0.6V 30 100 pA
{pins 6, 11}
Veesann; |Source Saturation Voltage = 1A 0.95 1.35 1.7 v
o= 2A 2 2.7 vV
Veesatgy |Sink Saturation Voltage L=1A (5) 0.85 192 16 Vv
iL=2A (5) 1.7 23 vV
Veesae |TotalDrop L=1A (9) 1.80 3.2 \Y
IL=2A (5) 4.9 \'
Veens  |Sensing Voltage {pins 1, 15) -1 (1) 2 A
[7[ 3113




L298

ELECTRICAL CHARACTERISTICS {continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
T4 {V) |Source Current Tumn-off Delay 05V,t0 091 (2):(4) 1.5 S
T, {V) |Source Current Fall Time 09l 01l 2%k 0.2 us
T4 {V) |Source Current Turn-on Delay 05Vito 011 (2),(4) 2 us
T4 {V) |Source Current Rise Time 011 10091, {2)4) 0.7 us
Ts{V) |Sink Current Turn-off Delay 05Vito 0.9t (3):(4) 07 us
Te {V) |Sink Current Fall Time 049l w01l 3} 0.25 HS
T7{V}) |Sink Current Turn-on Delay 0.5Vito 091, (3)(H 1.6 us
Ts {V) |Sink Current Rise Time 011 w0091 3%} 0.2 us
fc {Vi} [Commutation Frequency I, =2A 25 40 KHz
T1{Van} |Scurce Current Turmn-off Delay 05Vento 0.81L {2} (4} 3 us
T3 {Ven) |Source Current Fall Time 091 to0. 11, {2%(4) 1 us

T3 (Van) [Source Current Tum-on Delay 05Vento 0.t 1L (2} (%) 0.3 ps

Tq {Ven) |Source Current Rise Time 011 to0.9l, 2% (4) 0.4 Us

Ts (Ven) |Sink Current Turn-off Delay G5Vento 0.8l (3% (4) 22 LS

Te (Ven) |Sink Current Fall Time ¢8Il to01k (3%(4) 0.35 us

T7 (Ven) |Sink Current Turn-on Delay 05Vento 091, (3){4) 0.25 us
Tg (Ver) |Sink Cument Rise Time 011 to0.9t  (3%(4) 0.1 us
1) 1)Sensing voitage can be -1V fort < 50 psec: in steady state Vsens min= -0.5V

2) Seefig. 2.
3) See fig. 4.

4} The lpad must be a pure resistar.

Figure 1 : Typical Saturation Voltage vs. Output

Current.

6- bald

VSAT
{v:

V,.-:‘ZV
Vg =5V H

24

20

1.8+

1.2

08

0.4

Figure 2 : Switching Times Test Circuits,

INPUT

ENABLE

YooeiV  Vgad2V

5-5852N
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lo(A)

Note : For INPUT Switching, set EN = H
For ENABLE Switching, sel IN = H
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L298

Figure 3 : Source Current Delay Times vs. Input or Enable Swilching.

L4
Imax{2A)
90%, -
10" 1
r
. M2 L TA Tk
Ven; (4¥)
50"- TR~ TS t
)
5.38%3/2

Figure 4 : Switching Times Test Circuits.

INPUT

ENABLE

LWL L2 g

Mote : For INPUT Switching, set EN =H
For ENABLE Switching, set IN= L

q
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L298

Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

crant
e

D1 10 Da: LA FAST RECOVERY DIODE (f, €200ns)

S-S0

Wi
imani{2A)
0% -
0% - L
¥ (&)
50 % i — .
Imaz(2A) e e -
a0 for———-|-—F- - = s — - — -~ - = -
0% - t
(&v)
0% |-
1 o
5-10667 h
Figure 6 : Bidirectional DC Motor Control.
o‘ls
(o
Iinputs Function
Ven=H C=H;D=L Forward
C=L;D=H Reverse
C=D Fast Motor Stop
Ven=1L C=X;D=X Free Running
Motor Stop
142 L298N L =Low H-= ngh X =Don'tcare
2 Oven
10 CONTROL ad e 1
it —
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L2938

Figure 7 : For higher currents, outputs can be paralieled. Take care to parallel channel 1 with channel4

and channel 2 with channel 3.

Yy Vus
100 nF FGOnF
L. Hiba
GENABLE &
L 298
N 5 \‘}\ g am
Q out 2
o2 z z: gy —0O
" r
0 NJ\ =]
8] 1. |
-T2
Ry

APPLICATION INFORMATION (Refer to the biock diagram)

1.1. POWER OUTPUT STAGE

ThelL298integratestwopoweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor {Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2 INPUT STAGE

Eachbridgeis driven by means of fourgatesthe in-
putof whichare In1; In2; EnAand In3; In4 ; EnB.
The Ininputs set the bridge state when The En input
ishigh; a lowstateofthe Eninputinhibitsthe bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usvally of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. Whenthe large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednear the negative pote of Vs that must
be nearthe GND pin of the |.C.

<z

Each input must be connected to the source of the
driving signals by means of a very shorl path.

Turn-On and Turn-Off : Beforeto Tum-ONthe Sup-
ply Voltage and beforeto Turnit OFF  the Enablein-
put must be driven to the Low state,

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (i < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be usedto control the
current amplitude by chopping the inputs, or to pro-
vide overcumrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never he overcome.

When the repetitive peak current needed from the

load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7}.

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped:; Shottkydiodeswould be preferred.
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This solution can drive until 3 Amps InDC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

OnFig8itis shownthedriving of a twophase bipolar by the |.C. L6506.

stepper motor ; the needed signals 1o drive the in-
puts of the L298 are generated, in this example,
from the IC L287.

Fig 9 shows an exampie of P.C.B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Maotor Circuit.

This circuit drives bipolar stepper motors with winding currents up lo 2 A. The diodes are fast 2 Atypes.
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Figure 9 : Sug

gested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Cument ControllerL6506.
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DIM mm inch
"IN, | TYP. [ MAX. | MIN. | TYP. | MAX. OUTLINE AND
. 5 0197 MECHANICAL DATA
B 265 0.104
C 1.6 0.063
0 1 0.039
E | 049 0.55 |0.019 0.022
£ | oses 0.75 | 0.026 0.030
G | 102 ] 127 | 152 |0.040 | 0.050 {0.060
G1 | 17.53 | 17.78 | 18.03 | 0.690 }0.700 | 0.710
H1 | 196 0772
H2 20.2 0795
L | 219|222 | 225 o862 |0.874 |0.886
11 1217 1221 | 225 0854 [0.870 [0.886
L2 |17.65 18.1 | 0.695 0.713
L3 11725 175 |17.75 | 0.679 }0.683 | 0.699
L4 {103 | 107 [ 109 [0.406 [0421 |0.429
L7 | 289 29 |0.104 0.114
M | 425 | 455 | 485 |0.167 [0.179 |0.191
M1 | 463 | 508 | 553 |0.182 [0.200 |0.218
s | 19 26 {0.075 0.102
st | 19 26 | 0075 0.102 Multiwatt15V
Dial | 3.65 385 |0.144 0.152
H
A S
C 5 St
(] n
) b
. ! Dia 1 J
[ ‘ I x|
A 5 =
B 2 O O
o —
. 4 Y
H2
B + 1
E A
. F G I
oW M ] N
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L298

DIM. s s OUTLINE AND
MIN. | TYP. | MAX. | MIN. TYP. | MAX.
s . 0197 MECHANICAL DATA
B 2.65 0,104
C 1.6 0.063
E 0.49 055 | 0.019 0.022
r 0.66 075 10026 0.030
G 1.14 1.27 1.4 0.045 | 0.050 | 0.055
G1 1757 | 17.78 | 1791 [ 0.682 | 0.700 0.705
H1 19.6 0./72
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L? 2.54 0.100
L3 1795 | 175 | 17.75 | 0.679 | 0.689 | 0.699
14 10.3 10.7 109 | 0.406 ] 0.421 10.429
L5 528 0.208
L6 2.38 0.094
L7 2.65 2.9 0.104 0.114
] 1.8 2.6 0.075 0.102
st | 1.9 26 | 0075 0.102 Multiwatt15 H
Diat 3.65 385 | 0.144 0,152
H1
A S -
A 1.C ~ —-l— §1
i - N
f
Dia 1 J
-l
L
| B
J
il
%—A%
::f“"""--"::j ¥
L6
L5

4
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mim inch ]
DIM. N, | TYP. [ MAX. | MIN. | TYP. | MAX. OUTLINE AND
Y 36 0142 MECHANICAL DATA
al 0.1 0.3 | 0.004 0.012
azl 3.3 (.130
a3 0 0.1 0.000 0.004
b 0.4 053 | 0018 0.021
C 0.23 0.32 | 0.009 0.013
b{1) ] 158 16 0622 0.630
o1 9.4 9.8 0.370 0.386
E 13.9 145 | 0.547 0.570
e 1.27 0.050
el 11.43 (.450
E1(1)] 109 11.1 | 0.429 0.437
E2 2.9 0.114
E3 58 6.2 [0.228 0.244
G 0 0.1 0.000 0.004
H 15.5 15.9 | 0.610 0.626
h 14 0.043 JEDEC MO-166
L 0.8 1.1 0.031 0.043
N 10° (max )
S B° {max.}
. [ 0 | [ 0.504 PowerS020
{1) "D and F” do not include motd flash or protrusions.
* KMold flash or protrusons shall not exceed 0.15mm (0.0067).
_ Criticaldimensions "E", "G” and "a3"
I )
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b—-H" DETAIL A‘ -l——-5 DETAL B E 3 :*:
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v H lead ET DETAIL A
_\\
o b
| a3 slug
NnO00nnnnno oFTAL 8
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age Fiane |
¥
S L 2T s
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I
!
i E3
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Joouooooun !
hx 45 : pagiEC -~
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information furnished is belheved 1o be accurate and reliable. However, STMicroelectronics assumes no responstbiity for the conse-
quences of use ol such information nor for any infringement of patents or ather rights of third parties which may result from its use. No
license is granted by implication or atherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
pubiication are subject 10 change without notice. This pubtication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life supporl devices or systems withoul express wiritten
approval of STMicroelectronics.
The ST iogo is a registered trademark of STMicroelectronics
« 2000 STMicroelectronics — Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Ausliralia - Brazil - China - Fintand - France - Germany - Hong Kong - India - taly - Japan - Malaysia - Malta - Morocco -
Singapare - Spain - Sweden - Swilzerland - United Kingdom - US A,
http://www.st.com

EI- 1313




	1  Title Page
	จารุณี_001.tif
	จารุณี_002.tif

	2  Abstracts
	จารุณี_003.tif
	จารุณี_004.tif

	3  Contents
	จารุณี_005.tif

	4  Lists of Illustrative
	จารุณี_006.tif
	จารุณี_007.tif

	5.1 Chapter 1
	จารุณี_008.tif

	5.2 Chapter 2
	จารุณี_009.tif

	5.3 Chapter 3
	จารุณี_010.tif

	5.4 Chapter 4
	จารุณี_011.tif

	5.5 Chapter 5
	จารุณี_012.tif

	6 Bibliography
	จารุณี_013.tif

	7 Appendix
	จารุณี_014.tif




