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ABSTRACT

This project 'is present The Surface’ Mount Device- Desoldering Machine using the
principles of hot air and centrifugation. The PCB is attached to a small DC motor shaft and is
blown with hot air until the temperature as high as defined. After that, the mator will crank at
a higher speed. So the device is dropped from the PCB. The Surface Mount Device Desoldering
Machine devices include the following: The Arduino Uno beard, Thermocouple Type K
Temperature Sensor. Probe’ 0-800 °C, Digital Converter Module for K-Type Thermocouple
(MAX6675), Relay Module 2 Channels and DCMotor, The basic working principle is insert the
PCB onto the DC Mater's spindle and turn on the switch. After that, the Temperature Sensor
will start measuring the temperature in the machine and transmit the temperature to the
Arduino. When the Arduino gets the temperature; it will give the order to Relay Channel 1 work
which will control the hot air blower level low. Later, when the temperature rises, the Arduino
orders Relay Channel 2 to work instead of Channel 1. This will cause the hot air blower blowing
out at a higher level and at the same time, the Arduino will order the DC Motor attached to the
PCB rotate faster. When the temperature rises until the set point is 220 °C. The device on the

PCB will fall out and the Arduino will stop the machine.
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(AILswunImgnasnsTuuTintassumaIndkantvue)  sufeduiimaniiyihliunulanzinu
Tulunsidliusiumirdudasonu
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yavialdnuannsgu Ussneusiauanse NC 8011990 normal close vsngaynaiuniala wie win
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felidrelnlvivnainumdenhmihdudasiotu Taemldsthaogaiidaiuaunsainiaedoddnid
Asmslivinnuaapaliat 9ase NO ga191n normal open wngmauiUnfde wiomngilal
! v | o ¥ o = o o at ! -:i’ i et € = a
Selwliveaamieshmhddagifiaiuy TasnldsidnsoadidiugunsaiviaiaTadldlnihi

posmseupumslatiaulaulwauumiiiugese C geannain common Aognsauiisiesnain
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v
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2.4 1995TUUDMDS

Veey O-#
EN | 1A | 2A FUNCTION
H L H | Tum right
¥ H H L | Tumleft
16 H L L | Fast motor stop
8l =0 Veer H H | H |Fastmotor stop
_{ 112 293 = 1 L X X | Fast motor stop
S — - L = low, H = high, X = don't care
; 4,5,12,13
GND

Bidirectional DC Motor Control

SUit 2.14 299sdusawies

2.5lulasAaulnsames  (Microcontroller)

lugunsalled (10 Integrated Gircuit) ianansalysunsunisinali e a1813n5udayalugy
d’n;zywmﬁ%maL’ﬂ’fmﬁﬁm?ﬂs:mamﬂLLz’«idemﬂﬁwﬁ‘agaﬁﬁmﬂﬂﬂ@nmLﬁiﬂﬁﬂﬂﬁmum:ﬁ“iﬁmmﬂﬁ

Lulnsaoulnsaineinieludnazimingmnudn, Portag ludniiie s i uadeanaaz Bunl fdn i
pexfiamefiwien lilaseeuinsamefiiulilasnaaaessiavie  WuAsafuvieszanananans (CPU:
Central Processing Unit) 7llupauiiawaf usilifuntsimmnsanesninmemdaiein i #lunsasmefinuanu
ATLAN AD Lmuﬁ"l,uma'L%mm:ﬁ'mﬁimmfmﬂuanm'w’] WRsiAAE Ul AsTUs R L9es Aasinnnssasnss
i wu wivaaaudn, dauRumnisniinn 1nsdaudinlulug lefiReaiu usziiunsannsednadnlugag
delilAo A sawsn cavium s ¥l gy 19y 293s8anan, 2983 siedn 70N TH 9447
wlasdryrunueunasaduianes ithisiu aglde

Microcontroller = Microprocessor + Memory + /O

lulazneulnsaiaefansnsntilluszgniliauednaninemans Tasnazfuni i lussu ueea

9Un70idu | (Embeded Systems) LialiAauannisinarunieedis 1y Wlusnaud, ienaululasiaw,
i as J o % as asen | 9 1 o=l 3 ]
wrestfuana, iasesdnfindntud® iy wszdnlulnsaeulnsaineiiiefmnzausionisli luauad uax
naneLsznng LU
a = M val ]
- AnleBuarszuunlativunnian

dl Ve U Ya L4
- szuuiilaiisnagnninnslédnlulasTwsivaives
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h 14 = at E 24 t 4 1 Y a A - c‘!! 1
- asfildsslienududeudes drvandeRawainfiorsasinfuldlunisiensas
- fpuaudRfiuivdvsuanumualag e gdsddnuldig

mwnildivlilasreulnsaaes

o
= I

P v oas ré’ﬁ 1 ¥ I3 1 1 J 2
W ﬁiﬂjnulﬂmﬂauimmaaiuuammnmmu‘uuagﬂﬂﬂﬂsﬂauimmaammaxnga WANWTILY
Taevild @unsawtseanidu 3 Uszan fail

2 = . =1 P o
L MR8 7191 1Y (Machine Language) Wunwitagluguuuuvessddiavg uaos
Lo it ¥ o a [ 7 1 1 A:T )
lulasmeulnsamesanansarlanmwdléviud Taglddosmrunszuiumsula widunwfieansants
Sou§ mszegluguuvuvenavgiuans ualifeimnuiifeafuaniansifuedned uidefiuesntun
asll = I | 3 ° o [ a 1 s [
i Ao Jawrnidn vnaulasiasy wazannsanaraiuesauls lilaenss
& \ 5 = EY) = ' &

2. Mw Assembly 2797 Assembly @3137unwelinsisulysunsudedy nnw assembly
¥ o (7 LY A s u‘j 2/ 8 1
ldilunmwdsnguunusidavgiuans lunwinies daulunsldnu aedeaunisudasin aw

A 1 U L !

Assembly unmwiaseansy fwdaniwn 158071 Assembler Tusunsafiieulagnin assembly ¥

8/
as

MnuSwavivuiadn wseinsiuaninsadini e Hardware Iolagnsadutiienfuaiwias g waviai
Tueg MBI NV LT
3. Interpreters interpreter Ao NM¥ITzAUFITLnAA iU W eIy el Lasazilviegly
1 o -] £ 7 ad' 1 ] 0.') é" o QlJ -] d' 12 e wa
MUBAILAT WAZYIIULETIoTUAmIdR N IS unS B LI aEmds viimsudaiduniwinsSes WU uR
) Y ' = dyve w oa v oA ¢ & o v
AUAITUUY MIBUIVBY interpreter ‘ﬂgﬁmnuﬂﬁa N1 BASIC vatduved interpreter A9 inauledn
| i o W~ A\ '
Waswndaswtandiiazands
. 3 P o o o v a & & H] v
4. Compilers compiler A9 M W13¥AUFITVIIMIRLUaTU suns e ud uun avua Tidu
a & o @ - 2 7 %) < 0 5 ) ¥ = dgw
N1 LAY 1nUuIN eI WsunsuiiuUatasanantr lufivlundgannudn vasantusedls
hilpspoulvsamesufUamumdsiug vilrnsviaulisiu segratu nw C Hudu
2.6 Arduino
Arduino Lﬁuua‘i‘mluiﬂsﬂauiwnaai'mzqa AVR 915N 19WAIUILUY Open Source Aafinis
ay 1% o v ' a e a & v | 9
WalNgYayayanu Hardware Way Software @1u150¢82995846nMs adAda1 nnTeuantantous o140
P Al a | & a . . |
AT /0 veavesn Wiaieanuarananansaldondafuuasaasy (Arduino Shield) Ussinnmngg

L%u Arduino XBeeShield Arduino Music Shield,Arduino Relay Shield,Arduino Wireless Shield,

Arduino GPRS Shield Uusu
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-~ .
E
< <

SUTl 2.15 upsa Arduino UNO

1.USBPort: Midwiusiediu Computer itesulnaniusunsuda McU wazsagluliiuuesa

2 Reset Button: 1¥uty Reset inaiilososnslh MCU Bumsvinalug

3ICSP Port was Atmegal6u2 Hunesaililusunia Visual Com port Ui Atmegal6U2

4. |/OPort:Digital 1/O dausiva DO §i3 D13 UsRAIAG 11e Pin agvimiaiiony audusoe Wy Pino,1
uw TxRx Serial, Pin3,5,6,9,10 ay 11 Wy PWM

5.ICSP Port: Atmega328 Lﬂuwa%mmﬂﬂmﬂm Bootloader

6. MCU: Atmega328 {flu MCU #ildunuesa Arduino

7. 1/OPort: uanaanaziilu Digital /O waa dudasuilu YosSudyyinourdon fausur A0-AS
8.Power Port: IWiAswaasndlaseinsinelnlifunsesniauen Ussnausaenlndes +33 v, +5v,
GND, Vin

9. Power Jack: $ulwan Adapter Tngiiussfuatseming 7-12'v

10. MCU %84 Atmegal6U2 (8u MCU-fivinviia Aty USB to Serial Tng Atmega328 axfinme iy

Computer U Atmegal6U2

2.7 wawaslwva (MOTOR)

o - = o o o
watnas i (MOTOR) nuredsduiaTeanalwfrvdanideiUasunaingany
Inandundainuna wewestwiAldwdsulniwds udundnuna dnamdrnulains suaasu

wagnwaanulninssuanss
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wolmes Iihuwuseanaunislavesns sualwle 2 efasad
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1 weawaslvinssuaaau (Alternating Current Motor) ¥3ai38n110.d weiees (AC. MOTOR) A5

(1
v o =l

WUastavnILBInes i adunLsea nla fadl
vawasianszuasduudsesnus wilalaun
Luaweslwinssidaduain 1 e visiSeninBuiamasewes (AC. Sing Phase)
- gUAnE wowas( Split-Phase motor)
- MUnEimes ‘weimes (Capacitor motor)
- Svatunewmes (Repulsion-type maotor)
- gﬁL’Jai’L{,’J‘Uﬁuamaf (Universal motor)
- Wowelna welmas (Shaded-pole motor)
2 woweslihaduvin 2 aviedunitpweauemos (ACTwo phas Motor)
3apwasinihnszuaaduridn 3 wlanseioniifimatewmas (AC. Three phase Motor)
2uawesnihnssuanss (Direct Current Motor ) w3ai3uni1ad wewens (D.C. MOTOR) nsuus
yilnvassaimesInihnssuansud wanl fsed
weweslihnszuansauvseandu 3 vilaldun
LupwesuuvaUnsuMIaiundsdusines (Series Motor)

2 upwesuuvayruuvsaisunIdusisames (Shunt Motor)

3awaslihuuunamsaisoniireunauenes (Compound Motor)
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2.7.1 dawasninssuanss

a/

= ¥ o w o < a o 1 = =
vawmesiwinsuanse iuduididuniounidrdyedrandalulssnugaaivnssuns ¢

o

uqd 14 o Elg ] o = = o
pauaudandduludunisufuanuiildfaudanuiimansutgegn douldfuinlulseny

gnamnssu 1ulsenuned lssudulelndieanes Tssouaqalavendold Wududdsluns

[

U | 1/ = A o = v € 1 &
Turdousaliih Wusulumsinwifeitusemesiwihns suansSensiin aunsaling 1 vowowes

Inihnszuansswazdrlafimdnmsinuresemesliins swans swwuusa 9

dﬁuﬂﬁzﬂaU?}BﬁNBLﬂaﬂWﬁ“lﬂﬁL’LL?IWN

o

wawasinszuansiduUsenauiddn 2 dausail

@ =l

| =l | d a q ' « o

1 mumaqﬂwmaﬁ gnANaaLmes (Stator) Usenaumiy
o v a Y] ' '
wsuv3alea (Frame Or_ Yoke) Wulpsanieusnviantaimduniufueeddunsuava nainia

P & v P - v d o w o | & o ! o =
wilaludaldlinsurgasuasiadudsznousu iudwsahmemdnudevdema nuduvunsihuidiugy

NIINIEUDAN

[
o

[ [ [ | = & 1 =3
URN (Pole) Usenaumie 2 d@umalnudiuilinaniazanaie
[ 3 o ¥ 1 [ O o = I = A @
Lanusninual (Pole Core) MABUEUMENUI9S AunBauuUsZnovnullduuvsgn fin du

wsu drudareinilugdlasiuielfsiugunatvasiilsimesisonindaudindn (Pole Shoes) 3

s

nUszaAbit v nuaglsineilnddntum niigate iR adevernimiasiian elviintasenie

£ '

svfgnasiinalilduusaumbnandausiivdna indautimaninuluislsine funiigaudvi v An

e

wseslawnSedrdesdnvaslyinaiuiniduntsvialduesnos diid1daunu (Torque)

gﬂ‘ﬁ 217 tuslmdn (Pole)
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] - 1 =3 & g [ | o 1 < & o v oo
2.8Unany anatnguNLiwan (Field Coil) VEWUDYITDU | AUTIMUASNUAFIAUNINUIVITU

ﬂ. 1/ 1 vV a ¥ 2/ 1 ¥ - ot 1 4 - s el
ﬂ‘i%LLﬂﬂ’\l']ﬂﬂ']EJu?]ﬂLWE]ﬂTIGLﬁULL‘NLLﬂJL‘Wéﬂ‘LWLﬂﬂ“ﬁU LLBSLﬂuLLNLLﬁJL‘lﬂgﬂﬁﬁmﬂﬂﬂﬂ'iiﬁﬂﬁ’NLLaSLﬂ’ﬁJﬂ‘uﬂ‘U

AUNULLWANvaw LRSI IR AAULT sty

- s 1 3 1 [
E‘LI‘W 2.18 NTRTARINWUDYIDUVILULNGAN

U1 2.19 dnunrrasdausinn

2 favagu (Rotor) SawmyumdeSendnlsinedsamyuiviiliiAnidsnuiiununsoglundugniu (Ball
Bearing) Fsusznoustluusullaiaving (End Plate) vowmans

fhlsimasusznaume. 4 dyumeny Ao

1.unuwan (Shaft)

2 WNUMAND151ABS (Armature Core

3.Apuinmes (Commutator)

4 9987991511183 (Armature Widing)

1.ununwan (Shaft)

Wushdmsudareuinmines wazdaunumdnensinwes  (Armature Croe) Usznau

Wumlswesunumaniazseguuuuds Wedsiulimueglunnddiiinsduasiiould
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2. UNUMAne1511993 (Armature Core)

vifmeudumanu1901uauIy (Laminated Sheet Steel) Wufldwmsusiuananneny
1nwasteadrusedn (Torque)
3. pautewes (Commutator)

imenasumpenuuuuiudasdfiouiluf  (mica) Auszwinsduoseiiianed
duridvesneninmned  sxiidesdmivldvaway vemamnesned feeuimwe sl
Sautumaiuunumar  ugunaumsanszuen  Iwihidudaiuasadin (Carbon  Brushes)
Wesunszuannanetoudnluds  wnasenfinmesiieaiadunsuivandndunisliifn
nsinduasasuiuiuduusaaimandndy daimeinueaniauivdn fananianudn
SenirufiseuaiwasMotoraction)

4. YAEIP13UADS (Armature Winding)
Juvaaaiveglusesaaan  (Slot)  wasunueIsnniess wunauasadmazdnvlalvg
LLazﬁwu’miaua:ﬁmfwf%aﬁaaﬂguﬁvuaa‘;'ﬁ’un'ﬁaanuwmmﬁﬂsma%‘ﬂﬁmfuq \oTaxlw
wangaufiuausa9iidesnts
2.7.2 wanmsvasuamasnszudliiings  (Motor Action)

vanmivesuawesivihnssuanss  (Motor Action)- Weuussunssualiihnsadnluly
uewey  dunilany - wsswueesiumnes i lulusaaInefneesaEu I vENTY  way
nszualwihdndiunilwsivad Wluvearsauiiivan - (Field col)  adadamile-ldiy  azifn
autlvan 2 auna Twrseieaty mueamniBvonduss wimdn szlidatufirmemsedius

WA waghrmafelasasuunsaty - v lmaansadaluiesunens A9 aunumna Lasinuina o

1 e o < L2 o v & n“dy b4 :} s L3 & o v QI yﬁ?d !
muagnvmauqﬂﬂu%mamm Mmviersuaes iyl YuziaITINesut vl Sendn s

hJ :

[ 1 1

was (Rotor) Favianeanariwimvay MIns1unaduusimanisassliufisodeiu vildunainensun

was wislsmeiyulutululumungdreveaaniia (Fleming’left hand rule)
2.8 wspaithaufou

WNuldIure9n1svinaey 2 du Ao
1. druweaewesinay HadsuUdnlnAC 220 V 50 Hz sy SW 1 dlenaaing sw 1 on I

1 1 d 1 as l'—‘l 1 1 ) }23 1 d ld dl 1 1
lﬁﬁﬂﬂu‘ﬂﬂﬁ?ﬂﬂ’JUWBUﬂUﬂ L 1 enundsanu Au!,‘lﬂﬁN’]‘I,JL‘UWJﬂﬁ'Jﬂﬂ'JUV]Lﬂ‘SENﬂ L2 Iuasuudseou B

Y
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panlldan Uanlv AC asuresiliifensmyueanuunain Fedaluinan villwidn mswhaueen
nsenuvthvedlasiviuy
| o 17 | a ¢ 1 a @
2. dwvesuamalianuiou deneadng sw2 ON Wluanuunadn L1 veadsillasy W
I 14 ] 1 o < = = 17 ) o v
sguuRwIumueNiou 1wy uiulumuds Infhlvasendnmeniadhansuanasuseuvedlwih vl

YARINTOULA UaniinAnufeu gnanainnisviyuvewenes Nandimnueuseniuatldlunisiln

a1
Exhoust
Screens
H Troys {
F — ) !
s N R RN
A W
Fresh air = : |
intake " g Healer |
. Fan| |
¢ DN/
'3
gﬂ'?i 2.20 myvhnuvesipisuiauioy
2.8.1 Heater

=l ¢ = 6 o 2 a w o - A o
ganes (Heater) Wugunsabianuioulunugeamnssy Taelivdnmsinude Wellnisua

' v o aa Y o § w v o v i o 2 as v &
IﬁaN'IUTJﬂﬁ'JﬂC‘nU']Wﬁﬂ']ﬂ?qﬂﬁqquu ﬂé‘ﬂWWIWﬁ?ﬂm?u'ﬁﬂu LLﬁﬁﬂ']EJLViﬂ?']ﬁJﬁ@UI‘VTﬂ‘UIﬁa@ ANUU AIm
at o 2/ 12 UQA 173 4 o s = -l 1 o =l
M uieusrAellauaudinvuanuieuligedmiunmsuandames (Heater) Towdwlvglusadn

LY !

s = < aoa ¢ v a ca = = (3 !
wos (Heater) ssiinawiuuiindidousanled (eniudamesdursiien, Gamoisavowazdnnesudu)
ogmulu Wevhmhiinusesning wasndndiunitansvesdnmes Fwuiuilasligueaudiiinaiy
v vl A o s v & w v & v oA & 5 @
Soulddinn wivgdiiaumbiiemn dnludemssede fio dudienaduluneuiudifinnn msy

Az lrdianA Ll ety warenvsihdnmesiiansameasls wmnwuindamesiinmiuiiu
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" g ol 5.5 d wi & .
anmydalagldiaIosomalui) anansaudlalpenisindnmesluouiolamiuduesnainiidm
¢ o ¢ ala = ' 1 & a & o Y
WaT 8RNI (Heaten AN IWAAITIEHIUNTINARRUMAMAN T UAUIUTDIE AW DS (Heater) Wolv

wiladisuhldldnu aliifinszudlnihirlwasenanuaanadag fulusnassiumameaeuauidu

auuraiameimsagliiiniy 1500 VDC wasAauduauiudoslisdingt 500 IR (R vise Awwuny

Toviv)

[
Al

duUsenoundnsuasdnmes (HEATER) Hifail
-auuniniideueenled (MeO) TAararrutrlniduaiinimgoununn vandidunans
sswinmndaiaes fulaenlave elesiuldlniinssuash (Leak Current) 91nandnines
sanludialave
-andnmes (Heater) aansvines, aaminmnuiew (Resistance wire) , (Heater wire) 14
dwmiuduiagman lumsinineshiifannuiou aunsanugungiild 1400 °C awvu
mnudeu slintialaTdnusynevre s atlalusvnause TRa 80% uatlasidon 20%
NiCr80/20 finauairdi wilen wanefvnuiidlomsies], lLideguite, Tifanuuingn
annsavugamgiild 1100 «C Yselevinmmiiaedamesluldnu wu Wiueuiugl 80 tae $u u v
e W wazldnulugaannssusineg wu wanafin yulany guuda vy
-LAGULaE (Stainless)
aelwnumndeu dwlvgnunld fhdswstvamanuanudoudnnes vieldlum eu
QIRHGEE
2.8.2 Motor
vaweslihnszuaadu. 3 wa . uwlseenaulassadrwandnnisiinuvewewwesld 2 uuu
Ao 1. weimeslwiinszuaadu 3ida wuududndy (3 Phase Induction Motor) 2. uatmaslniia
NITUAAU 3 W wuuBelAsUa (3 Phase Synchronous Motor) 1. uawmesWinnssuaadu 3 wa wuu

g
e wa

ouindu wewosilwady 3 llauanding Aefiniusiseuniiesainauisisevdudntfueines
= 1 < 1o a v =l &/ a2
Yuegnumd (Frequency) vesunasiuilalwinssuaady fisiangn lassadrslidudou avenlu
o s 1 = < 1 = < ¥ u <
msthgsinmnsbiireuianesuazsudsesumiloussinesiwihnsuanse deldsmiuiad og

@ a 3 L4 = v & | (3 = [
AIUANAILTILUUBUIBIADS (Invertor) @13NT0AIUANANILGT (Speed) laslusdAudaufsanuiia

o as

muiinvasmeines deuldiuinn Judu Madulsanugeamnssy Fuindoudwiduindouans wiu

] Y P a4 o | o < =
antags ‘EJULF]ﬁEJULFl‘iE]WﬂﬂﬂﬁW LUU Lﬂ'ﬁ@\'ﬂ;ﬂ LATBINAY
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2.9udiaudasinii
&, rdﬂLv o ) s v & a6 Y o
Wugunsaiildiaeus givussiuligauviemasmusienis aelulszneumeunan 2 4n

A vnaaUguil (Primary winding) uaz vaaIaMRAunll (Secondary winding) usdmsumnifouyasid

U
v

(Power Transformer) sunalugjunadlatalivnarnfidanunfindufioun Tertiary winding Gallvunalan

1 . s A a1 ! 1
N31%UA Primary &g Secondary WazlsenuvikuaseanunazdAnnneaniiua Secondary

v

Fuse Da
Hot +
E rus To Filter
AC | )y _
Line \
Neutral
Dg

U7 2.21 wiiauvaslniin
2.10 2993 5n@lWsuuuyalavl (Full Wave Rectifier)

WureasSndlnsin i wWasuussiulwinssuaadlniduusesilwii nszuans swu L iy
aw eldlalen 2. w ﬂﬂﬁ'lﬁ’mqﬁmmﬁmﬁgﬂmﬁamnuaﬂmﬁaau Tosdgnaiivou wams1ud
Woswesassall center tap iondsussiuiiteuldlalon frawindu Wellusstudua alunisleiia
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195U forward bias Fatinszuavinliiinssualuasiiy D2 drudduniu RL inussiuanasouil R1 39
TANYINAULTFU Vm
usafUIRREENRATYDNT full wave rectifier Fuaalldainaums
Vdc = 0.636 x Vm

L3

Vdevinefausaiumbend Jaduiuilisudyauniaey

]
=

= o o a PN B 2/
Vmuanedsussiulnnssuaadudunaidounazlalonildluieas full wave rectifier azdins

ansanunswiuanaseulidy 2 wihvewswudunanteu dufeDiode PIV = 2 Vm



21

uni 3
NSTUIUNITVINIULALZNITODNILUU
luuniazndnfisiuneurasmisussnara susoumsvhnusafiniseonuuy Sewzuudliidu
3 dyumanteun
1. MIgRNUUUMY Hardware
2. N508NKUUAIY Software
3. NM3DBNKUUATY Mechanics
3.1 N139RNUUUMY Hardware
3.1.1 M599NUUY Schematic Arduino UNO #idafiugunsalnes
winmahauvesasestingunsalitesinasndinuiu PCB Fuainthudy PCB fin
WAiuunuwed DC Motor wagvinmsilnaing wé’qmnﬁ’uTemperature Sensor Aw3UN1TIAAN
gamgiilufasesuainn sdsigung Flugs Arduino 1ile Arduino li3urgamniud Arduino
avdsnsT Relay Channel 1 vina1u @ Channel 1agyinmsmuamaiasthandeu Taelfiian
seninlusiu resnilogumginonaiasgeiu’ Arduino asdin15lk Relay Channel 2 ¥auunu
Channel 1 Fagiinavihlviiessainasfouninaveenuilussduii ity tasluvnsivay Arduino i
awdamslsi DC Motor fiAnegiuusy PCB vuuiatu denamgfigdiuaudsidmuslifude 220 °C

Y

gunsaliieguuliy PCB avugaganuas Arduino asdsnslmiasameansviiay

FRsiunoaod 2698789 Relay Module
5 IOH
2 = 1
2698925 . 0 SCE
: SCL : 5
A POWER SDA 3
IOREF. 7| PRER TS R $
RESET L6\ OREE 5 M
Regulator 5V Vs om Voo B T on
2 'G\\"D 1%y 1011 ko g é Ayannien Temperature Sensor
1 = = GND 1010 00 1
Vin 1 GND 109 f[ O 2
—_— VIN 108 e 3
Temperature Sensor 2608025
3 I0L
= 2699075 8 i
) 107 <ty )6 HeTiDIADY
ADD s 10§ 53
— ADO EO: 2 o 1
'—"—Ef’. AD1 04 ; 2
D3 AD 103 fa—]22 3
E AD3 102 2
?ﬂ, | AD4 101 j_lrjm
—x ADS 100
Ardiono UNO

JUT 3.1 dumdavuaznisrenugunsaldnegain Arduino UNO



22

3.1.2 Schematic 9984 Arduino UNO
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3.1.6 N1599NUUUNITAD Relay Module 2 Channel Auuasa Arduino UNO
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3.2 NNSPBNMUUMU Software
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HaN13INA8aay
4.1 wan1vnaes o gaumgll x < 100°C (x = Agaumgiiiialé)
Relay module Speed of motor (rpm) %vasgUnsaifivanoen
Channel 1 (high) 0 rpm 0 %

Channel 2 (low)

[l
aa o

4.2 WamIeaed & Uil 100°C < x < 150°C (x = A1guugiiniald)

u

Relay module Speed of motor (rpm) %ﬂumqﬂﬂﬁaﬁﬁwqmaaﬂ
Channel 1 (high) 129 rpm 0 %
Chanrel 2 (low)
4.3 A snAaeY fl aUUNL 150°C < x < 180°C (x = ﬁﬂqmugﬁﬁi'mlﬁ)
Relay module Speed of motor (rpm) %upsgunseliivianoon
Channel 1 (low) 354 rpm 5-17%
Channel 2 (high)
4.4 waN1sVAARY Al 9UNNAl 180°C < x < 220°C (x = ﬁi'\qmmﬁﬁi’ﬂlﬁ)
Relay module Speed of motor (rpm) %'fuaﬁq‘ljﬂizﬂﬁ%qmaaﬂ
Channel 1 (low) 354 rpm 25 -30 %
Channel 2 (high)
4.5 uansvaaes o 9l x > 220°C (x = Mgumgdiiald)
Relay module Speed of motor(rpm) %usgUnsnivignaan
Channel 1 (low) 953 rpm 60 — 70%

Channel 2 (low)
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#include "max6675.h"

int ktcSO = 8;

int kteCS = 9;

int kteCLK = 10;
int Lerayl = 13;
int Leray2 = 12;
int motorlA = 4,
int motor2A = 5;

int motorEN = 3;

MAX6675 ktc(kteCLK, ktcCS, ktcSO);

void setup() {
Serial.begin(9600);
// give the MAX a little time to settle
delay(500);
pinMode(Leray1, OUTPUT);
pinMode(Leray2, OUTPUT);
pinMode(motorlA, OUTPUT);

pinMode(motor2A, QUTPUT);



pinMode(motorEN, OUTPUT);

void loop() {
// basic readout test
float temperature = ktc.readCelsius();
Serial.print("Deg C = ");
Serial.print(ktc.readCelsius());
Serial.print("\t Deg F =");
Serial.println(ktc.readFahrenheit());
delay(1000);

if (temperature <= 100)

digitalWrite(Leray1,HIGH);
digitalWrite(Leray2,LOW);
digitalWrite(motor1A,LOW);
digitalWrite(motor2A,HIGH);

analogWrite(motorEN, 0);

else if (temperature > 100 && temperature <= 150 )

digitalWrite(Leray1,HIGH);

digitalWrite(Leray2,LOW);



digitalWrite(motor1A,LOW);
digitalWrite(motor2A,HIGH);

analogWrite(motorEN, 30);

else if (temperature > 150 && temperature < 180)

digitalWrite(Leray2,HIGH);
digitalWrite(Leray1,LOW);
digitalWrite(motor1A,LOW);
digitalWrite(motor2A,HIGH);
analogWrite(motorEN, 40);
}

else if (temperature > 180 && temperature < 220)
{

digitalWrite(Leray2,HIGH);
digitalWrite(Leray1,LOW);
analogWrite(motorEN, 40);

delay(5000);

else if (temperature > 220)
{
digitalWrite(Leray2,LOW);

digitalWrite(Leray1,LOW);



analogWrite(motorEN, 85);
delay(10000);

digitalWrite(motor1A,HIGH);
digitalWrite(motor2A,HIGH);
digitalWrite(motorEN,HIGH);

}

&J @3 d‘ Y o U ¥ -dl = | 5 1 Y o ¥ €Y 14
wnanstluenashanulidwiunisidnuienisfinewing eugrelnhluldusslevdmunisa

liidnsallas visdu Bnnsnuilvidnudailen uagsesdndisdiveenarsynasandnistluly
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L293x Quadruple Half-H Drivers
1 Features 3 Description

Wide Supply-Voltage Range: 4.5V to 36 V
Separate Input-Logic Supply

Internal ESD Protection
High-Noise-Immunity Inputs

Output Current 1 A Per Channel (600 mA for
L293D)

Peak Output Current 2 A Per Channel (1.2 A for
L293D)

Output Clamp Diodes for Inductive Transient
Suppression (L293D)

Applications

Stepper Motor Drivers
DC Motor Drivers
Latching Relay Drivers

The L293 and L293D devices are quadruple high-
current half-H drivers. The L293 is designed to
provide bidirectional drive currents of up to 1 A at
voltages from 4.5 V to 36 V. The L293D is designed
to provide bidirectional drive currents of up to 600-mA
at voltages from 4.5 V to 36 V. Both devices are
designed to drive inductive loads such as relays,
solenoids, DC and bipolar stepping motors, as well as
other high-current/high-voltage loads in positive-
supply applications.

Each output is a complete totem-pole drive circuit,
with a Darlington transistor sink and a pseudo-
Darlington source. Drivers are enabled in pairs, with
drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4
enabled by 3,4EN.

The L293 and L293D are characterized for operation
from 0°C to 70°C.

Device Information("

PART NUMBER PACKAGE BODY SIZE (NOM)
L293NE PDIP (16) 19.80 mm x 6.35 mm
L293DNE PDIP (16) 19.80 mm x 6.35 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Logic Diagram

1 2 RS 3 v
1,2EN %

aa T > §% 2y

s 10 it (s
3,4EN _°

15 he 3y

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

NE Package
16-Pin PDIP
Top View
1,2EN [ 1 U 16 ]Vcc1
1A []2 15[] 4A
1Y []3 14[] 4Y
HEAT SINK AND { f+« 13 ]} HEAT SINK AND
GROUND 7 []s 12[] ' GROUND
2Y []e 1 [] 3Y
2A 17 10(] 3A
Veez [18 9] 3,4EN
Pin Functions
PIN

NAME NO. TYPE DESCRIPTION
1,2EN 1 | Enable driver channels 1 and 2 (active high input)
<1:4>A 2,7.10,15 | Driver inputs, noninverting
<1:4>Y 3,6,11,14 0 Driver outputs
3,4EN 9 I Enable driver channels 3 and 4 (active high input)
GROUND 4.5,12, 13 = Ej;gc\?iagsround and heat sink pin. Connect to printed-circuit-board ground plane with muiltiple
Vet 16 — 5-V supply for internal logic translation
Veez 8 - Power VCC for drivers 4.5 V to 36 V

Copyright © 1986-2016, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: L293 293D
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)"

MIN MAX UNIT

Supply voltage, Vecq @) 36 vV
Output supply voltage, Veeo 36 \
Input voltage, V| {4 V
Output voltage, Vg -3 Veez +3 )
Peak output current, lg (nonrepetitive, t < 5 ms): L293 -2 2 A
Peak output current, I (nonrepetitive, t < 100 ps): L293D -1.2 1.2 A
Continuous output current, lg: L293 -1 1 A
Continuous output current, lg: L293D ’ -600 600 mA
Maximum junction temperature, T, 150 °C
Storage temperature, Tgq —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to the network ground terminal.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(" +2000 "
e} discharge Charged-device model (COM), per JEDEC specification JESD22-C1012) +1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX | UNIT
V 4.5 7
Supply voltage ety Vi
Veez Vet 36
Vec1 S7V 2.3 V \
Vi High-level input voltage ccl cct
Vee1 27V 2.3 7 v
Vi Low-level output voltage —0.3M 15 vV
Ta Operating free-air temperature 0 70 °C

(1) The algebraic convention, in which the least positive (most negative) designated minimum, is used in this data sheet for logic voltage
levels.

6.4 Thermal Information

L293, L293D
THERMAL METRIC (! NE (PDIP) UNIT
16 PINS
Ry Junction-to-ambient thermal resistance ) 36.4 °CIW
ReJciiop) Junction-to-case (top) thermal resistance 22.5 °C/W
Reus Junction-to-board thermal resistance 16.5 °CIW
Wyt Junction-to-top characterization parameter 7.1 °C/wW
[UINT:) Junction-to-board characterization parameter 16.3 *C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953. .
(2) The package thermal impedance is calculated in accordance with JESD 51-7.

4 Submit Documentation Feedback Copyright © 1986-2016, Texas Instruments Incorporated
Product Folder Links: L293 L293D
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6.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
v High-level output volt e S e Veea=18  Vea—14 v
igh-level output voltage -1, -1.
OH g p g L293D: lops = - 0.6 A cc2 cc2
L293: I =1 A
VoL Low-level output voltage 1.2 1.8 Vv
L293D: Io, = 0.6 A
Vokn High-level output clamp voltage L293D: Igk =-0.6 A Veea + 1.3 \%
VokL Low-level output clamp voltage L293D: Igx = 0.6 A 1.3 v
I High-level input t A Vi=7V = i A
igh-level input curren =
IH 9 P EN 1 0.2 10 H
A -3 -10
I Low-level input current V=0 HA
EN -2 -100
All outputs at high level 13 22
s Logic supply current g = All outputs at low level 35 60 ok
All outputs at high 8 24
impedance
All outputs at high level 14 24
leca Output supply current lo=0 bkl e i - 5 mA
All outputs at high 2 4
impedance
6.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted) Viegy =5 V, Ve =24V, Tp =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Propagation delay time, low-to- L293NE, L293DNE 800
toLn high-level output from A input e
igh-level outpugiiiom a.dnpu L293DWP, L293N L293DN 750
t Propagation delay time, high-to- L293NE, L293DNE 400 fis
HL low-level output from A input L293DWP, L293N L293DN C.= 30 pF, 200
i Transition time, low-to-high-level L293NE, L293DNE AR RurE2 300 -
i output L293DWP, L293N L293DN 100
¢ Transition time, high-to-low-level L293NE, L293DNE 300 hs
e output L293DWP, L293N L293DN 350
6.7 Typical Characteristics
5 \ \
3 \\ With Infinite Heat Sink
c 4 \
2 N
3 s Heat Sink With 6,4 = 25°C/W \
(=]
: i
2 .
<]
o ;
: ___\free Air \\ \
= ""'\ N \
o 1
E \-‘-—\\\
A\
0
=50 0 50 100 150

Ta = Ambient Temperature = °C
Figure 1. Maximum Power Dissipation vs Ambient Temperature
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7 Parameter Measurement Information

Input 5V 24V Input

Veer Veez

Pulse
Generator o A
(see Note B)

Y T Output
C_L=30pF
3V | L P

EN 50% £ |
(see Note A) Output - ‘
0
T e J]‘ —= Vo
= = I try
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. C_includes probe and jig capacitance.
B. The pulse generator has the following characteristics: t < 10 ns, t; < 10 ns, t,, = 10 ys, PRR = 5 kHz, Zg = 50 Q.

Figure 2. Test Circuit and Voltage Waveforms
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8 Detailed Description

8.1 Overview

The L293 and L293D are quadruple high-current half-H drivers. These devices are designed to drive a wide array
of inductive loads such as relays, solenocids, DC and bipolar stepping motors, as well as other high-current and
high-voltage loads. All inputs are TTL compatible and tolerant up to 7 V.

Each output is a complete totem-pole drive circuit, with a Darlington transistor sink and a pseudo-Darlington
source. Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4 enabled by
3,4EN. When an enable input is high, the associated drivers are enabled, and their outputs are active and in
phase with their inputs. When the enable input is low, those drivers are disabled, and their outputs are off and in
the high-impedance state. With the proper data inputs, each pair of drivers forms a full-H (or bridge) reversible
drive suitable for solenoid or motor applications.

On the L293, external high-speed output clamp diodes should be used for inductive transient suppression. On
the L293D, these diodes are integrated to reduce system complexity and overall system size. A V¢ terminal,
separate from Vcp, is provided for the logic inputs to minimize device power dissipation. The L293 and L293D
are characterized for operation from 0°C to 70°C.

8.2 Functional Block Diagram

Veer

3

e

1
h R

8

Veea
Output diodes are internal in L293D.

8.3 Feature Description

The L293x has TTL-compatible inputs and high voltage outputs for inductive load driving. Current outputs can get
up to 2 A using the L293.
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8.4 Device Functional Modes
Table 1 lists the fuctional modes of the L293x.

Table 1. Function Table (Each Driver)("

WELIES & OUTPUT (Y)
A EN
H H H
L L
X L Z

—
N =

state, regardless of the input levels.

) H =high level, L = low level, X = irrelevant, Z = high impedance (off)
) In the thermal shutdown mode, the output is in the high-impedance

Vet

Current
Source

Input

GND

Figure 3. Schematic of Inputs for the L293x

Veez

Qutput

GND
Figure 4. Schematic of Outputs for the L293

Veea

Output

GND
Figure 5. Schematic of Outputs for the L293D
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and T| does not warrant its accuracy or completeness. Tl's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

A typical application for the L293 device is driving a two-phase motor. Below is an example schematic displaying
how to properly connect a two-phase motor to the L293 device.

Provide a 5-V supply to V¢ and valid logic input levels to data and enable inputs. V¢, must be connected to a
power supply capable of supplying the needed current and voltage demand for the loads connected to the
outputs.

9.2 Typical Application

Control A

Control B

15 el )
o Therma
Shutdown
77

J:sum

GND

Figure 6. Two-Phase Motor Driver (L293)

9.2.1 Design Requirements

The design techniques in the application above as well as the applications below should fall within the following
design requirements.

1. Veeq should fall within the limits described in the Recommended Operating Conditions.

2. V¢ez should fall within the limits described in the Recommended Operating Conditions.

3. The current per channel should not exceed 1 A for the L293 (600mA for the L293D).

9.2.2 Detailed Design Procedure

When designing with the L293 or L293D, careful consideration should be made to ensure the device does not
exceed the operating temperature of the device. Proper heatsinking will allow for operation over a larger range of
current per channel. Refer to the Power Supply Recommendations as well as the Layout Example.
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Typical Application (continued)

9.2.3 Application Curve

Refer to Power Supply Recommendations for additional information with regards to appropriate power
dissipation. Figure 7 describes trzermal dissipation based on Figure 14.

80
? 84a 5
c 3 ™ 60 ¢
S N !
s ]
2 =
] \ -
B 2 TG —— 0 g
g ToT (TA e =
]
1 Q
c 1 20 2
= ]
o <
s

0 0

0 10 20 30 40 50

Side ] - mm
Figure 7. Maximum Power and Junction vs Thermal Resistance

9.3 System Examples

9.3.1 L293D as a Two-Phase Motor Driver

Figure 8 below depicts a typical setup for using the L293D as a two-phase motor driver. Refer to the
Recommended Operating Conditions when considering the appropriate input high and input low voltage levels to
enable each channel of the device.

Control A

/3

Motar

Control B
ontrol T

4y
14

4A
15

VLY //&%X

)
Vg
P
=5

4,5,12,13
L GND

Figure 8. Two-Phase Motor Driver (L293D)
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System Examples (continued)

9.3.2 DC Motor Controls

Figure 9 and Figure 10 below depict a typical setup for using the L293 device as a controller for DC motors. Note
that the L293 device can be used as a simple driver for a motor to turn on and off in one direction, and can also
be used to drive a motor in both directions. Refer to the function tables below to understand unidirectional vs
bidirectional motor control. Refer to the Recommended Operating Conditions when considering the appropriate
input high and input low voltage levels to enable each channel of the device.

Veez O

SES5001
) SES5001 &

lg
L__ e | O EN

= 4,5,12,13
GND

Connections to ground and to supply voltage

Figure 9. DC Motor Controls

Table 2. Unidirectional DC Motor Control

EN 3A M1 4A M2
H H Fast motor stop H Run
L run E Fast motor stop
L X Free-running motor stop X Free-running motor stop

(1) L =low, H = high, X = don't care

v
3T 2 x SES5001

1/2 L293 1
= 4,5,12,13
GND

Figure 10. Bidirectional DC Motor Control

Table 3. Bidrectional DC Motor Control

EN 1A 2A FUNCTION™
H L H Turn right
H H L Turn left

(1) L =low, H = high, X = don't care

Copyright © 1986-2016, Texas Instruments Incorporated Submit Documentation Feedback 11
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Table 3. Bidrectional DC Motor Control (continued)

EN 1A 2A FUNCTION®

H L L Fast motor stop

H H Fast motor stop

L X X Free-running motor stop

9.3.3 Bipolar Stepping-Motor Control

Figure 11 below depicts a typical setup for using the L293D as a two-phase motor driver. Refer to the
Recommended Operating Conditions when considering the appropriate input high and input low voltage levels to

enable each channel of the device.

VCCZ O_’

IL1/IL2 = 300 mA

D5 D1

L293

a2 1

II}—T—]
(=] (4] E-N ) ?N -

D6 D2

V
/*\T

Vee

N m—

%

D1-D8 = SES5001

Figure 11. Bipolar Stepping-Motor Control
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10 Power Supply Recommendations

Veer is 5V £ 0.5 V and Ve can be same supply as Veeq or a higher voltage supply with peak voltage up to 36
V. Bypass capacitors of 0.1 uF or greater should be used at V¢¢q and Vegz pins. There are no power up or
power down supply sequence order requirements.

Properly heatsinking the L293 when driving high-current is critical to design. The Rthj-amp of the L293 can be
reduced by soldering the GND pins to a suitable copper area of the printed circuit board or to an external heat
sink.

Figure 14 shows the maximum package power PTOT and the B8JA as a function of the side of two equal square
copper areas having a thickness of 35 uym (see Figure 14). In addition, an external heat sink can be used (see
Figure 12).

During soldering, the pin temperature must not exceed 260°C, and the soldering time must not exceed 12
seconds.

The external heatsink or printed circuit copper area must be connected to electrical ground.

&17.0 mm
\'

-

11.9 mm

\&

Ao

38.0 mm

%l

Figure 12. External Heat Sink Mounting Example (8,, = 25°C/W)

Copyright © 1986-2016, Texas Instruments Incorporated Submit Documentation Feedback 13
Product Folder Links: £.293 L293D



L293,1L.293D
SLRS008D —SEPTEMBER 1986—REVISED JA

NUARY 2016

I3 TEXAS
INSTRUMENTS

www.ti.com

11 Layout

11.1 Layout Guidelines

Place the device near the load to keep output traces short to reduce EMI. Use solid vias to transfer heat from
ground pins to ground plane of the printed-circuit-board.

11.2 Layout Example

GND
Toe
TTL Logic | 1| 1,2EN VCC1|16 5V
TTL Logic | 2 [ 1A 4A 115 TTL Logic
1 Ampere E 1Y 4Y | 14| 1 Ampere
o0 O ) CIas) @)
o0 [4] 001 /00 [13d%0
o edolle SO A28 o0
00 [5}. 0.0 O 0 |12l 00
Q) 0F 2] o O O O
1 Ampere | 6 | 2Y 3y |11 1 Ampere
TTL Logi¢ 7 2A 3A |10| TTL Logic
5Vto 36V, | 8 | VCC2 3 4EN/| 9 TTL Logic
=i :
T
GND
Figure 13. Layout Diagram
Copper Area 35-um Thickness
L
/ A ]
O ] 7
/ @ = /
—
/ O | /
y ,: :] /
b

Printed Circuit Board

Figure 14. Example of Printed-Circuit-Board Copper Area (Used as Heat Sink)
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12 Device and Documentation Support

12.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 4. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOGUMENTS SOFTWARE COMMUNITY
L293 Click here Click here Click here Click here Click here
L293D Click here Click here Click here Click here Click here

12.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI EZE™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Suppeort TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.3 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.4 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘E} '\ during storage or handling to prevent electrostatic damage to the MQOS gates.

12.5 Glossary

SLYZ022 — T/ Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
(1) Drawing Qty @ (6) @) (415)
L293DNE ACTIVE PDIP NE 16 25 Pb-Free CU NIPDAU N / A for Pkg Type 0to 70 L293DNE e
(RoHS) RS
L293DNEE4 ACTIVE PDIP NE 16 25 Pb-Free CU NIPDAU N / A for Pkg Type O0to 70 L293DNE Sl
(RoHS) =
L293NE ACTIVE PDIP NE 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 L293NE
(RoHS) e
L293NEE4 ACTIVE PDIP NE 16 25 Pb-Free CU NIPDAU N / A for Pkg Type Oto 70 L293NE Samples
(RoHS) -

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

@ Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

®) | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.
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Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tland Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of T| products and
services.

Reproduction of significant portions of Tl information in TI data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of T| products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated Tl product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers") understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include Tl products, Designer will
thoroughly test such applications and the functionality of such TI products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “T| Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular Tl Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from Tl providing such T| Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular Tl Resource.

Designer is authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that
include the Tl product(s) identified in such T| Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF Tl OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of T| Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOQURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), T is not responsible for any failure to meet such industry standard requirements.

Where Tl specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class |ll devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular gualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer's non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

General Description

The MAX6675 performs cold-junction compensation
and digitizes the signal from a type-K thermocouple.
The data is output in a 12-bit resolution, SPI™-compati-
ble, read-only format.

This converter resolves temperatures to 0.25°C, allows
readings as high as +1024°C, and exhibits thermocou-
ple accuracy of 8LSBs for temperatures ranging from
0°C to +700°C.

The MAX6675 is available in a small, 8-pin SO package.

Features

¢ Direct Digital Conversion of Type -K
Thermocouple Output

4 Cold-Junction Compensation

¢ Simple SPI-Compatible Serial Interface
4 12-Bit, 0.25°C Resolution
4 Open Thermocouple Detection

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAXE675ISA -20°C to +85°C 8 SO
Applications Pin Configuration
Industrial TOP VIEW
Appliances
HVAC 3
Automotive 6N [1] 8] ne
1-[2 | /MAXIM | 7] 50
E MAX6675 :l
T+ E E CS
Vee [4 5] sox
SO
SPl is a trademark of Motorola, Inc.
Typical Application Circuit
| Vce
0.1uF
VAKXV
MAX6675
aND MICROCONTROLLER
68HC11A8
= 50 MISO
I SCK SCK
T cs SSB

N AXI/MN

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX6675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc to GND) ..o, -0.3V 1o +6V
SO, SCK,CS, T-, T+ to GND ....oooovvvvvnn, -0.3Vto Vge + 0.3V
SO CUITENT i 50mA
ESD Protection (Human Body Model) ............cccovcevnen +2000V
Continuous Power Dissipation (Ta = +70°C)

8-Pin SO (derate 5.88mW/°C above +70°C) .............. 471mW
Operating Temperature Range ...........c.ocoevenin. -20°C to +85°C

Storage Temperature Range ...........ccoeeeeeennnnn. -65°C to +150°C
Junction Temperature .........c.coooovvveveieic e +150°C
SO Package
VaPEr PHASE (B0S) s mamanamimimms +215°C
INfrared (15S) ovveecee e +220°C
Lead Temperature (soldering, 108) ......cccccooiiiiiiniiiinnn +300°C

Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Vce = +3.0V to +5.5V, Ta = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
TTHERMOCOUPLE = +700°C, | VcC = +3.3V 5 +5
Ta=+25°C (Note 2) Vce = +5V -6 +6
TTHERMOCOUPLE = 0°C to Vce = +3.3V 8 +8
Temperature Error +700°C, Ta= +25°C (Note 2) | Voo = +5V -9 +9 LSB
TTHERMOCOUPLE = +700°C Vee = +3.3V -17 +17
1o +1000°C, Ta= +25°C
(Note 2) Vg = +5V -19 +19
Thermocouple Conversion
Po—— 10.25 pV/LSB
Cold-Junction Ta =-20°C 10 +85°C | Vec = +3.3V -3.0 +3.0 o0
Compensation Error (Note 2) Ve = +5V -3.0 +3.0
Resolution 0.25 °C
Thermocouple Input 60 O
Impedance
Supply Voltage Vce 30 55 v
Supply Current lce 0.7 1.5 mA
Power-On Reset Threshold Vg rising 1 2 25 \
Power-On Reset Hysteresis 50 mV
Conversion Time (Note 2) 017 0.22 s
SERIAL INTERFACE
Input Low Voltage ViL 0.3 \
Vee
Input High Voltage ViH 07n vV
Vee
Input Leakage Current ILEAK ViN = GND or Vce +5 LA
Input Capacitance CiN 5 pF
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

ELECTRICAL CHARACTERISTICS (continued)

(Vece = +3.0V 1o +5.5V, Ta = -20°C to +85°C, unless otherwise noted. Typical values specified at +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
; _ Vee -

Output High Voltage VoH ISOURCE = 1.6mA 04 Vv
Output Low Voltage VoL ISINK = 1.6mA 0.4 V
TIMING

Serial Clock Frequency fscL 4.3 MHz
SCK Pulse High Width tCH 100 ns
SCK Pulse Low Width tcL 100 ns
CSB Fall to SCK Rise tcss CL = 10pF 100 ns
CSB Fall to Output Enable tpv CL = 10pF 100 ns
CSB Rise to Output Disable tTR Cp = 10pF 100 ns
3;:;':3“ to Output Data i CL = 10pF 100 -

Note 1: All specifications are 100% tested at Ta = +25°C. Specification limits over temperature (TA = TMIN to TMaAx) are guaranteed
by design and characterization, not production tested.
Note 2: Guaranteed by design. Not production tested.

Typical Operating Characteristics

(Vcec = +3.3V, Ta = +25°C, unless otherwise noted.)

OUTPUT CODE ERROR OUTPUT CODE ERROR
vs. AMBIENT TEMPERATURE vs. VOLTAGE DIFFERENTIAL

/

MAXG675 toc01
MAXEETS loch2

o
N

Z
z (

0 15 30 45 60 75 90 -10 0 10 20 30 40 50
TEMPERATURE (°C) VOLTAGE DIFFERENTIAL (mV)

o

OUTPUT CODE ERROR (LSB)
QUTPUT CODE ERROR (LSB)
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MAX6675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Pin Description

PIN NAME FUNCTION

1 GND Ground
Alumel Lead of Type-K Thermocouple.

2 T- Should be connected o ground
externally.

3 T+ Chromel Lead of Type-K Thermocouple
Positive Supply. Bypass with a 0.1uF

Vi

4 e capacitor to GND.

5 SCK | Serial Clock Input

6 o Chip Select. Set CS low to enable the
serial interface.

7 SO Serial Data Output

8 N.C No Connection

Detailed Description

The MAX6675 is a sophisticated thermocouple-to-digi-
tal converter with a built-in 12-bit analog-to-digital con-
verter (ADC). The MAX6675 also contains cold-junction
compensation sensing and correction, a digital con-
troller, an SPl-compatible interface, and associated
control logic.

The MAX6675 is designed to work in conjunction with an
external microcontroller (UC) or other intelligence in ther-
mostatic, process-control, or monitoring applications.

Temperature Conversion
The MAX6675 includes signal-conditioning hardware to
convert the thermocouple’s signal into a voltage compat-
ible with the input channels of the ADC. The T+ and T-
inputs connect to internal circuitry that reduces the intro-
duction of noise errors from the thermocouple wires.

Before converting the thermoelectric voltages into
equivalent temperature values, it is necessary to com-
pensate for the difference between the thermocouple
cold-junction side (MAX6675 ambient temperature) and
a 0°C virtual reference. For a type-K thermocouple, the
voltage changes by 41uV/°C, which approximates the
thermocouple characteristic with the following linear
equation:

Vout = (41uV / °C) X (TR - TAmB)

Where:
VouT is the thermocouple output voltage (pV).

TR is the temperature of the remote thermocouple junc-
tion (°C).
TaMB is the ambient temperature (°C).

Cold-Junction Compensation
The function of the thermocouple is to sense a differ-
ence in temperature between two ends of the thermo-
couple wires. The thermocouple's hot junction can be
read from 0°C to +1023.75°C. The cold end (ambient
temperature of the board on which the MAX6675 is
mounted) can only range from -20°C to +85°C. While
the temperature at the cold end fluctuates, the
MAXB675 continues to accurately sense the tempera-
ture difference at the opposite end.

The MAXB675 senses and corrects for the changes in
the ambient temperature with cold-junction compensa-
tion. The device converts the ambient temperature
reading into a voltage using a temperature-sensing
diode. To make the actual thermocouple temperature
measurement, the MAX6675 measures the voltage from
the thermocouple’s output and from the sensing diode.
The device's internal circuitry passes the diode’s volt-
age (sensing ambient temperature) and thermocouple
voltage (sensing remote temperature minus ambient
temperature) to the conversion function stored in the
ADC to calculate the thermocouple’s hot-junction tem-
perature.

Optimal performance from the MAX6675 is achieved
when the thermocouple cold junction and the MAX6675
are at the same temperature. Avoid placing heat-gener-
ating devices or companents near the MAX6675
because this may produce cold-junction-related errors.

Digitization
The ADC adds the cold-junction diode measurement
with the amplified thermocouple voltage and reads out
the 12-bit result onto the SO pin. A sequence of all
zeros means the thermocouple reading is 0°C. A
sequence of all ones means the thermocouple reading
is +1023.75°C.
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Applications Information

Serial Interface
The Typical Application Circuit shows the MAX6675
interfaced with a microcontroller. In this example, the
MAX6675 processes the reading from the thermocou-
ple and transmits the data through a serial interface.
Force CS low and apply a clock signal at SCK to read
the results at SO. Forcing CS low immediately stops
any conversion process. Initiate a new conversion
process by forcing CS high.

Force CS low to output the first bit on the SO pin. A
complete serial interface read requires 16 clock cycles.
Read the 16 output bits on the falling edge of the clock.
The first bit, D15, is a dummy sign bit and is always
zero. Bits D14-D3 contain the converted temperature in
the order of MSB to LSB. Bit D2 is normally low and
goes high when the thermocouple input is open. D1 is
low to provide a device ID for the MAX6675 and bit DO
is three-state.

Figure 1a is the serial interface protocol and Figure 1b
shows the serial interface timing. Figure 2 is the SO out-
put.

Open Thermocouple
Bit D2 is normally low and goes high if the thermocou-
ple input is open. In order to allow the operation of the
open thermocouple detector, T- must be grounded.
Make the ground connection as close to the GND pin
as possible.

Noise Considerations
The accuracy of the MAX6675 is susceptible to power-
supply coupled noise. The effects of power-supply
noise can be minimized by placing a 0.1uF ceramic
bypass capacitor close to the supply pin of the device.

Thermal Considerations
Self-heating degrades the temperature measurement
accuracy of the MAX6675 in some applications. The
magnitude of the temperature errors depends on the
thermal conductivity of the MAX6675 package, the

MAXIW

mounting technique, and the effects of airflow. Use a
large ground plane to improve the temperature mea-
surement accuracy of the MAX6675.

The accuracy of a thermocouple system can also be
improved by following these precautions:

e Use the largest wire possible that does not shunt
heat away from the measurement area.

e |f small wire is required, use it only in the region of
the measurement and use extension wire for the
region with no temperature gradient.

e Avoid mechanical stress and vibration, which could
strain the wires.

o When using long thermocouple wires, use a twisted-
pair extension wire.

e Avoid steep temperature gradients.

e Try to use the thermocouple wire well within its tem-
perature rating.

o Use the proper sheathing material in hostile environ-
ments to protect the thermocouple wire.

e Use extension wire only at low temperatures and
only in regions of small gradients.

e Keep an event log and a continuous record of ther-
mocouple resistance.

Reducing Effects of Pick-Up Noise
The input amplifier (A1) is a low-noise amplifier
designed to enable high-precision input sensing. Keep
the thermocouple and connecting wires away from
electrical noise sources.

Chip Information

TRANSISTOR COUNT: 6720
PROCESS: BICMOS
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MAX6675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

cs

-2

r

SCK

S0 Do
D15 D1

Figure 1a. Serial Interface Protocol
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Figure 1b. Serial Interface Timing
BIT DUMMY 12-BIT THERMOCOUPLE| DEVICE STATE
SIGN BIT TEMPERATURE READING INPUT ID
Bit 15 14 13 | 12 11 10 9 8 7 6 3 2 1 0
0 |msB LsB g f e
state

Figure 2. SO Output
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Block Diagram
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MAX6675

Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

Package Information
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