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Ysygfinusadulinaueniseanwuuinsssgnsainniagnlud® n1svinauees
wseagldlulaspeulvsames oqely gl 01¥au (Arduino UNO R3) Tun1saiuaunsi
ANUTBUVDITANDT AIUANNIVILUVDINBMES NIFTIUWILN waznsinaumalianuseu T

o = | D A | s 3 1
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YPWIALEN VWIRnae nisuatng laeld Inanwadiwuees (Load Cell Sensor) Tun1sds
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Wwtn udasuansminuazuuavesUamamitnae weadd (LCD) agldiguwasingaunil

3
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Tneisesanusagnaalsmientusgieiios 10 # wavdnsalignldlunalsiiiu 45 wi

MnnsnaaosgrsUanlnuanuuanin gamgil 220 °C sveznatlunisgnaanlitan
WAveL 35 il Tuuauuundansey gaumgdl 250 °C szognattumsgisanliign uazmifs
nseuluNasegd 40 udl InuauuueunUszasdgamail 200 °C sovatlunsendlign

MyeEN 32 U9 uaz N9 10 W9



Project Title Semi-Automatic Catfish Grill

Student Mr.Worawut  Janmanee ID 62201210
Mr.Sakdiphol  Yutchana ID 62201212
Advisor Mr.Kasemsuk Sepsirisuk
Degree Bachelor of Engineering
Program in Electronics Engineering
Academic Year 2021
ABSTRACT

This project presents the design of a semi-automatic catfish grilling machine.
The operation of the machine uses an Arduino UNO R3 microcontroller to control the
heat of the heater, control the rotation of the motor, weighing and temperature
measurement. The machine has 3 grilling modes to choose from: Crispy skin catfish
grilling mode, Juicy catfish grilling mode, Manvel grilling mode. Each mode of grilling
different heat and motor speed. The fish must be weighed before grilling to distinguish
the fish size as small, medium, or large by using a load cell to weigh, then the weight
and size of the fish will be displayed on the LCD screen. A temperature sensor is used
to measure the temperature of the grill. It shows the heating temperature of the grill
on the LCD screen. The machine can grill at least 10 fishes at the same time and cook
the fish in no more than 45 minutes.

From the experimental results, for juicy mode, 220 °C temperature is average
used for 35 minutes of cooking. For crispy mode, 250 °C temperature and crispy leather
is used for 40 minutes of cooking. For multi-purpose mode, 200 °C temperature is used

with 32 minutes for pork, and 10 minutes for shrimp.
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lunelilAnuaie

fanuazain wagnainrangluni1sens

A o

gravalignliisindnnisgnanuumeng

1.6 YunauLarITNIIANTIUNY
TURBUKALIENITAEUIULATEEN AN AESRLUTR A1ASEUN 1 Fann199 1.1

WaLluNIABEUN 2 ARSI 1.2 A9l



A15197 1.1 LEUNISALTUIIUNALTEUN 1

SLELLIAINTALUIY

Fumeuntsdiiuau - — -
Alugey patmy | wgeRnew | Sudey
1. AnTelATIUEIAUD1915Y
fiU3nw
2. Fnwdeyalfgaiulasany -«

v

A

3. ANWlASIAS 1AL ARNNNT

4. awsenTangunsal uwazdavin

1As9as 1Azl gulusknsunIg

A
v

71974

A
v

6. AANITILINULALNITUNEUD

AWM 1.2 LNUNIENRRINWANALT LU 2

" ) 5r8EAIA LU
TJunauUNIATUUY e
UNTIAY | NUAIWUS | HwiAd | Wwgu | wuaey
1. 1 @eulUsKNTUNITVINNY |« S

»
| o

A

2. IYLATIASS

3. maamamﬁuwami

A
v

12BN

4. YSIWINULAENITYIN

v

bdUD

= 4

1.7 Tassad19U3quauiiwus

Tasanuatuildiiauaiienduibes infesraagniadnlugd esuredunaunis
19 Han1svaaes gavneandunisasuiasdaiauauus

unit 1 luundagnannds anudusuaganudidguesdgu 9aysmneuas
Snquszasdvesmsilasany auyfgiuresnsinw veulnvesn1sine Usgleviiiaiai
221950 Fumeunazisnssiiunu suddasiaialSaygninug

undl 2 Tuunidagndndainsfnuduaimguifiierdesturenndssiesaign
Asdmludfuazaunsal Idun n15819 wazmsaemaudou n1sadierinuseuain

N1 UlNN1 Fnmes (Heater) uawmas il (Electric Motor) UasaTULBLABI NTLLENTS



N

uasna1nely (Arduino) Inanwad (Load Cell Sensor) haadf (LCD) Loulwesing vyl
(Thermocouple) M@ (O) UagdnwugvaIUagn

undl 3 luuniinanfisnisesnuuussuummhaurensessannisalut Tne
fiudonlaozunsunsviau Wfvfnnsihauredaied 11500NLUVNAT LAZNITEBNLUY
Tassaisveardosersuagniednlu@ fimivossuieseazideansiay

undl 4 luunilagnanidsnmmaassuasnanisvaaesonaiesssuannisdnluliig
Usznauludae mavnsessumesTngamnl nsvnaesvanwadlunsdaimiin n1mmaaes
N3YNUTBINBLABS N13NABBsEIIUa 3 WA VUIALEN FWIANAI LazTwInE N3
naaosgsatlundazlnun ddaedu 3 e 1 lnundni 2 Inuanisnsouuas 3 Tnun
paLuNUszA Manaaoamsmuauenmnivesdnnes Tneflveasdendd

unfl 5 unaguuazdeiaueuus Tuuniagnanisnsasunanimenss Jomuay

guassalunis e datausiusuazisnisuntulam



Tuunilagnanienmsfnunduaimguifiietosturenaiessainniednlusf
wazgunsal lawn n1sanemaiusou (Heat transfer) n1sasemusauaInngasulni
gnnos (Heater) uawmoslnila (Electric Motor) uasatutawasnszuanss (DC Motor Drive
Module) vain@1nely (Arduino) Inaniwad (Load Cell Sensor) woadd (LCD) Lwulwesin

9ol (Thermocouple) M (C) waranyazveIUa1nn

2.1 N3aEAIUSDU (Heat transfer)

nsarewaudeu [1] Wunisaiewmvemdinuanudou vsondinugumain
(thermal energy) Lﬂugmwwﬁwaﬁwé’wm FaaglinguALSeuII AL
Wy 91nAefing mawnindivoadomds ndsnulnii wdrnuarln Wudu navesay
Souagiilansinmadsuudas 1wy gamgiigau vioiniawasuaniugly wazuenaini
waauausoudtannsailmannsdsuulamnaadly

nsanemANusauansadwunly 3 wuu fadl

a

1. mswaudeu (Heat conduction) Aeguit 2.1 uusingmsalindsnuainudou

anewmneluingnilen sosendnaingaosdundudany lag 8 ian19veIn1sAasunves

WFUANNToUIINUS Tl WuShnanlaumgiiaini

9 Y 9

1 TngNenansazladl

mswedeudl n1siiauseudunszuiunsiinluvuduezneuvasoynia nsiauieu
uiaTur N sduaziiouszslanarsafina nAsnisthaudoududnvaznisaew
ANNFauRulnensRINInguildlugdninguilslaenisdudaiy wu nsieniislyduniunieu

[ 2/ k4 5 v ! v A =€ o VY Y [ v
%mﬂ,‘wmm3auf\1’mmmiaumsthJsta ﬁ]ﬂ%ﬂiﬂgﬁﬂi@u wunu

[

2. MINIANSDU (Heat convection) aasU# 2.1 1unisanemainusaunindule

Y

Tuaansansaniuy As vauvalwaziie Fududsiaiuisordoun lolaeasinanieassdu

=

WINNY 1199910 Weaanslasuausauazin1sve1e61 F99ViNlAANUNUILUUANAY LAY

1 [

aansNlguunniiNaInI1 Avgasnunud

3. NMILNSIEANSoU (Radiation) fasU? 2.1 1unisanemenusausansaudv

Y 9

Aannne tngagliddssondudinanslunisadsiendsanu wu nsdianuseu n1smauiou

a 1

N1suHdEausaa1emANTauRiueINal Tagnnulandlaamndgandn -273 aeen

Y
wallied gouiin1suksed Tngnilaamglacazursednaudu druingniaamgiaoazudsea

v
v A !

ARUHN LU N1SAINUAIT NISANNLEDEINANILAT TITNISHESIE Aan1sanelaumusou



Inglddasiuiinanala Wy Anuseuiiiinanasendindieilumnuseuiniinainnisane

louaudoulngn1sunsed Ineinguiazaiinaunsaganduainudousinnsussedlalimniu

JUM 2.1 MsihAuseu n1smnAuieu wagniswissdEnuTou

(17im: https://th.wikipedia.org/wiki/n13e8mA1185ow)

2.2 Msa3eAuIauanNNasulni

Fagnnudnazfivszqlaiiegludy daienianfivenlinszualniirlvalddnd
fhlalii uayYagildeenlnszualnilnarwldieisondn auuliin Fanisuensanh
T dvawuliihansaglaan anumuniulnii fidannvietey dnhlnihieiaig
aunmuliitdes e daheeuldlnidilvanulade Tudruauiulndn dauduniulidi
1n Fsldsaulilnihlnaruviolnaruldenn Jddursasluididnnsednd azldfdumu
dmsumuauUsuanssudlain deonssualuinlvaniudaiumuasiinnudoutuie

werpurandianaseulidudiumu dufadundnmsvirnuedamesiutlagiu (2]

-4
2.3 gana3 (Heater)
a 4 ) 66 ¥ 13 1% 1 1 % o
games (3] 1ugunsallvianuieulaglindnnisdngnseualiinlvaruaindaun
Faagdamaliatndiianusewintu degua 2.2 Tagunasaiglnaruisaldladu
usssulwinszuaadu 220 fs 380 Taad Fanann1svinnuresdamestu Wednmnesineu
agiinszualnihlvatrveaingawes Fediulngazvinanseaiaanuisuiinia (Nickel) ¥

nlAsy (NicChrome) fifiadudiuniugs nsvwaluiiilvanuaiuduniuasgyide


https://th.wikipedia.org/wiki/การถ่ายเทความร้อน

o

wasnulassUsdsulundanuanuiou Jsanudouiiinturzirawludaingiianuiou

Weunin Ao veunad wse ngdmnendeansivinuou

W T N

YIS QU
N\ \\~

X'

sUf 2.2 Baumed (Heater)

v

(#: http://www.heater-thailand.net/)

duUsenauYae Famas dnadl
1. awuuuniligeuesnlen (Magnesium Oxide) As3UT 2.3 AavanTRiA1AI1LdIN1g
e weaztAusaulaauIn FavintinnunalssenineaIncuidanes nulasnlany
A A o 8 va ) a & o a o v & v ~ kg
devzdesiulalniinszuasianaindameseanludsiialane uaznd1AyAevinuiinuauy

Tuauiu Wesnagyiliaanudiliihgedu

5UN 2.3 awiuwunili@ensenlen (Magnesium Oxide)

Y

(fian: https://sa-thai.com/@ninasheater-Ao-azls)


http://www.heater-thailand.net/
https://sa-thai.com/ฮีตเตอร์heater-คือ-อะไร

2. aunulad (Stainless) Asgun 2.4 Fahunldlunisudndanes azllegvatgviin

IS Qs

uiaziinardauautRunnsneiuly feil
— aunuwaa 304 Ilusnuiidesnistugdiilontsnnudsliaisey amise
Uasfiuadiuliduegie
- aunuLaa 316 gnesnuuuanlidestuaduldiiueded Feagldlusy
gnavinssumiin uazanuilndnziadifirnudunsn videidusiisgs
- aupuiaa 430 Wuausuaaildlasdlondudiuuszneu 100 Wedldud as
flomafnadutiosniraunuiaaiues 300 Fsaunuaaiazdouiuinnudanisly

DIANTAN9)

g‘dﬁ 2.4 ausulad (Stainless)

(Fian: https://sa-thai.com/@nnasheater-Ao-0zl3)

Samasazutsoondu 5 wiin waslidnuasnsldnuiunndrety fi

1. Fanefuvia Tolkanufouruianiiuveuds i wdn uaglavgsnag fegis
msluldann wu swussiiuvie uliuguwanaiin

2. Fawasvienauvivensu llvanusaudveinia wu ldenuluiesouwna Tdanuly
LRGN

3. Bmsduthuioqn Mlvianudeutureanamnuin fegrensldon Wy oy
fath videduthify sunauans

4. BnmesToutu Segneenuuuulviimnudoudmiureanmausoindoudne

5. Fmmesinvie 1dlamuieutvvesmariiogluvie nieludagunsenszuen Taed

fFALADIILSAAINAIUUBN


https://sa-thai.com/ฮีตเตอร์heater-คือ-อะไร

2.3.1 Sawmasvianay
Samesvionau fie Saimeiiltliauioulnonss laglidnau 14l
$ouluorna wlasuouusis laeudu oud surun suens videldlunisens annsalds
fuitnauifienszareeuseuliiiiudl anmnsodelffusunssdidonisld duanduzud 2.5
ludiuveanisldeu agldnuiumey niamigs Wauduvedg @i (DUCT) 1wy

wwsnaUsuaInA Ludu

sUN 2.5 FeLmasvianal

u

(#n: http://www.heater-thailand.net/)

£
a v A

dulsznoundAyveIBnmsionan Jfal

1. vdweuLad 304, 316, way 430 afm%’mm‘ﬁalﬂw'aameaamimqa
SUS316 waz SUSA30 agltluaunnuans.adl

2. uwiinfifeudonlel Jsllnuand@duinhanudound fe linnuseuniu
shaesiululaeg1erng uenanidududdumulninna As azldsenlinszualnilva
1 =l 1 ¥ [R% I~ 4:1'4:1 o 2 4:1' 2 = b‘d’
H1u e barnulawitesun nstiuauulniNfYinlvaunsanazesnwuuliaIngnnesi

< 1 a v} a [ Y a 1 < % é’ 1 a 6V [y}

duanaugusuuleivalie eglnanuitluresiawmanlauniu aegldiinnsdentiu
9 1aInRMsUIRN AUV IAINTNLMBIVENANTLVUIALATY WALV aInEnLADs
I denuanusandnausaulag

3. A1NFALMBS YNANTANENANVDIRNLAA MI0TNIATH FIFIUNALILLANAIY

I & 1 a

fu W adndnlasy 80 azdlinuAa 80 LWasidus wazlasiioy 20 Wosidusd diualniinlasy

60 AEAUNATY 60 Wasidud lasidlon 16 Wosidus wazindn 24 Wosidud arndlasuidu


http://www.heater-thailand.net/
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aedfiauduniugs shsdualaaelalimiealanesunsifianuduniudi Weinszua
Tnaruandnlasufasyinliaisilasudeutumuusnanseualiiiidilu aandnlasy 80
ﬁagwaammmﬁ 1,400 serwaldoa uilimsldnnudeuiu 100 ssmiwadoa deaviang
dmsuiiudunosd (Coil) Bnnesiiindsindgs dumn andnlasu 60 aziiganasuimadi
1,350 peAwaldea walimasldnnusauiiu 900 eeriwaldyd
amdnmesiintiasumdsulii T dundsuanudou daunse

Fnsanl@annaunsi 2.1
P =V2/R (2.1)

Weo P A Magkin
V 89 wsssulniAanglvduvataueaindamas 2 919

R A9 ANUAIUNIUVDIAINTALNDS

2.4 wawastwi (Electric Motor)

uoweiluil 1 1ugunsallifihivimihilumsuwamdsoliihildanumaadne
vowowes Tfundanuaay uansisguil 2.6 Ssannsulamdsnudsnaniagyinliian
nsvyuvassemesliinly Fueweslwihinaeussaniianansailuldeuluiaiugon

UATEREINNTIUAY

sU 2.6 nsvinaulunsuasundsnulndidundsnuaatveaaimas v

U

(‘17im: https://naichangmashare.com/2021/05/28/electric-motor-ep-1)


https://naichangmashare.com/2021/05/28/electric-motor-ep-1
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[

Fnsmunmumennuisevsawesliiinasiusgiuessznay 2 diu fel
1. snulnavesunaindisanwmes (Stator) vesuawmasini

2. pdvesusssulnihiisnslitusuemes

densiuesAUsEneusts 2 dau awnsadiuinmAuLEIseureNeLnesly 3

anansafiansanldannaunisi 2.2
RPM = (120 x f)/pole (2.2)

d' Y = s a1 o, &
LB RPM A8 BRTINTINHUNTDIDUVDIUBLADT LU N
f A9 AID (Frequency)
A [ & 1 =3 6
Pole AB 1UIUVILLULAANUVLIUDLFDT

14
=

vowa sl nldeuniluasdl 2 Ussianmane dail
1. uawosHnTzIanss (DC Motor)

2. vowmesninssuasau (AC Motor)
2.4.1 ¥ANNTSINUVBINBLADS IWAINTZUEN T
nann1sinuvaatawasiiiinszuanss Ussnaumevnain 2 4n 4unadn
= | 3 a 1 | o 1 A o Y a v 1 <@
YANNBgNAALAaT (Stator) L3uNNUARINEUIN (Field winding) NNUUINEIIEAUIULILARN
0129 Fauna s3I LaR T8N IT LALLM AL WA BN UAUIAAINDITIULADS
(Armature) ualuu1sasedmsuuenesiany avlduunananisununistdunalntiioasns
i U q' S | s a ! s s
AUULIMEN1IT UaznaInYaidesagludiureslsines (Rotor) ISUnI1vAaINRI5IIRES
Feaznelniinssuansad1unaIne 1S ILMU T WasyadulUdeu (Commutator) &9
suaainazyilminusednlunisnguueddswes JuinunannsnserinsenindIwimvanyes

YAIALUALAOT kaglanes NiatiiukasNaniy Fagyiliiansngu

2.5 UaATUNBLABINTZLENSY (DC Motor Drive Module)

Y

vasndunelnasnszuanss BTS7960 [5] faguil 2.7 Tddmiuduidusinesiidenis
nazwaaeq aglddyaufidun3dn (PWM) Tuniseuauaung Faseaduanuidavléds 25
Aladsm a1u1sarIuANNeWas A 1 67 LazaIusanIuANNIIRYUEIeny U le asld
ussdulnlinszuansndssemed 6 89 27 laad nsvuaednmgaad 47 woud Fsdmun

nanres BTS7960 urlunsufunaslinseualiiiu 20 woud ienrudasndy
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Ul 2.7 vesnduueimesnszuanss
(ﬁm: https://www.arduitronics.com/product/983/motor-drive-module-bts7960-43a-
with-h-bridge)
foyasunzrosueiatuuomosnszuanss BTS7960 il
1. Wudmiuduituemesiidesnsnszuaiigs
2. W&ayanas PWM Tunsmuauaid deanansasessuanuniives PWM e
25 Aladsn
3. @nunsaAIUANNeWasA 1 M uazmuaulvvude wasvyuule
4. Wuswilvdosewmas 6 5 27 Tad
5. nzuamnegedn 43 wond udlumeafudaslinseualdiiu 20 weud
6. ussBumaRlidmSumIUANAe 5 Thad

= =

dwsuluga BTS7960 vasaneluaziniuaziden 8 Un wsausula 255 seau Ay

[ o a

Adeyay1ee 0 1aaddie 5 Taad asgnuanaludyaunuuiinea agle 0 fs 255 Fusraunsn

] v 1 o a [ aa Y o Ql'
NYUNAIUATUIUIINLAYRIN LUUL@?J‘I/I'N@?]G\E]@I@ PNFENNIIN 2.3

015964 5 1ad iU 255 kad 1 1aad A1 PWM agvinnuyinbuig
PWM = (255 / 5.0V) *V (2.3)
wnnenluaunsi 2.3 255/ 5.0V * 1

PWM = 51

Froenlilaad = 1 aedsdsliian PWM = 51
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2.6 vasa 219elu (Arduino)

o1melu [6] iuveinlulasnoulnsiaeinszna AVR Aimsiauiuuulemusess
(Open Source) f13Uf 2.8 Fsinadawedoyasdu srsaurd (Hardware) uay sonuas
(Software) vasnamelutugnasnuuualildenldine Famunzdmivg Fudufnu was
Aldnudiansadauanfiufuiiofaundoseniisiivesn uarlusunsudelulddndae
ANdeeIUesa o1nelu lunisnedugunsaliaiunieg Aeyldaruaiunsasedas
Sidnnseiindannaneuen ududeuseidnuniun /O vesuesn vielfionuaznINaILNTD
donsaduuesmaiy 91qeluda (Arduino Shield) Usziananes i o1neluidnd Fa
(Arduino XBee Shield), @198luiivdA 3@ (Arduino Music Shield), 919elisiad ¥a (Arduino
Relay Shield) waz a19eludfiened Ta (Arduino GPRS Shield) Wusu udsuivuuuein

1 ¥ IS v ! v
919glu wadeulusunsuiauselmay

sUTl 2.8 vesnenelu glu 915au (Arduino UNO R3)
(i https://www.ai-corporation.net/2021/11/19/arduino-uno-r3/)

usuiivilsiuese e1qely Wuiifen fsd
1. fesenmsiaun fsuuuuddiiugiunasbidudou fannsdmiugisuiulio
2. finguAuiismAuimufiudousy
3. fldanusaivesalusievanldanulavainaienu
a. firenitlsiuns
5. anansafiagiannTusunsuy OS Tafld
2.6.1 Taseadauazvimsldauuasneigelu gl a15a1u (UNO R3)

Tassa$s uagannsldnuuesnengelu glu endanw daguil 2.9 el

1. USB Port: [dmdusiefiu Computer iefiarduTnanlusunsudlud

MCU wagdnelnliiuuesn 919elu

2. Reset Button: gyl Reset taldnallofainsnazly MCU 15un1s


https://www.ai-corporation.net/2021/11/19/arduino-uno-r3/
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vl

3. ICSP Port 984 Atmegal6oU2 Lﬂuwaﬁmmﬂﬂmﬂiu Visual Com port Uu
Atmegal6U2

4. 1/0OPort: Digital I/O éldaLL(fim DO §491 D13 LLazuaﬂmmf UM Pin 2gyi
windiBug daBiudae W Pin0,1 18w Tx,Rx Serial, Pin3,5,6,9,10 way 11 1uwn Pwm

5. ICSP Port: Atmega328 Hunesaiilélusunsy Bootloader

6. MCU: Atmega328 1¥u MCU Alduuuedn enelu

7. 1/OPort: uanv1nawsdiu Digital 1/0 wé Ssanansawdeududassu
fuanaounEon sausan A0-A5 iEndae

8. Power Port: Twidssasuasadiesidesnissnelufliivaasasuen &
Usznousaeulwides +3.3 V, +5V, GND, Vin

9. Power Jack: $ul#a1n Adapter lngagiiussduagiisening 7-12 v

10. MCU 83 Atmegal6U2 18u MCU fivimehiidu USB to Serial Tng

Atmega328 azAnsaiu Computer NIUNN Atmegal6U2

3 99§n ICSP - dwidu USB interface

4wain /O

12{SPI) MISO
11{SPI} MOSI
3-Interrupt 1
2-Interrupt 0

10{SPI) SS

0,1-Serial

2.4y Reset

1wefnUSB |

9—| 53990 ICSP : Atmega328

10.MCU : Atmegal6U2

9.4i99 Power jack 7-12 V 6MCU : Atmega328

ettt

7.w0%n /O

81199 Power

AdL{12C) SDA
A5-12C) sCL

5UN 2.9 lassaranazuimsidanuuesnenely UNO R3

(fian: https://blog.thaieasyelec.com/what-is-arduino-ch1/)


https://blog.thaieasyelec.com/what-is-arduino-ch1/
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2.7 Tnaawwaa (Load Cell Sensor)

Tvanwwad [7] 1iugunsalBidnvsetindiltifiontasavosnss Tududyaaliii 3
nsudasniilldnsuvaselnense uiindu 2 fumeu annIswlasimanacans uwseas
gnaTeduliannisudsususisuesanung (Strain Gauge) Wansfaguil 2.10 Aeqaiiainy
inal@suussnm (Compression) deagsinlanuinanadidmiy uaglugaildduussi
(tension) Feagsilamunagniasen Jevinliauduniuvesanuing wWasuudadly
wavamunaazudasinmsideuidlnlududyaaliih lnetluinensadinasussneuly
fheaing 4 i FaazdnBonaaseglusUiuureansasivalay 13ad (Wheatstone Bridge)
LanafsgUR 2.1 usllvianwadiusznausoamunaiiisand 1 #1 vie 2 fATldauduiy
Fyaaliiidneeenludnedvnnfioualiifiadled wardonisnisvensdyaiaudienis
Taunsaivenedyara feufiazgnihluldnuldiiedunmeanuss

Tnanwadiiou 80 Weoddus Tursdusiaanuing Tnslvanwaduuuamunass
wiseenidu 2 Ussivlvg) fe

1. anwaduuuldusing Feoenuuusniieldusinaasuuialvaniead

2. Wameadnuultisan 32eankuUl e ldwsIRes lanasaanainiu

No Load Load

Strain Gauge % ‘
I Tension

= - .
— Compression

(Enck

7 =T
s Compression

U 2.10 Awuna (Strain Gauge) l#3unsane
(Jian: https://blog.thaieasyelec.com/how-to-use-load-cell-and-hx711-

amplifier-module)


https://blog.thaieasyelec.com/how-to-use-load-cell-and-hx711-amplifier-module
https://blog.thaieasyelec.com/how-to-use-load-cell-and-hx711-amplifier-module
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Compression Tension

BH E

— Vin ) + - —
___ Tension Compression —

31]17; 2.11 299599alau USAY (Wheatstone Bridge)
(‘ﬁm: https://blog.thaieasyelec.com/how-to-use-load-cell-and-hx711-amplifier-

module)

2.8 waa%A (LCD)
woadA goau131n (Liquid Crystal Display) [8] Juaeiivhunannudnasansaman

WaNN13AD AUraIedlndesaing MFendtuasinungs (Backlight) o Wealin1suase

a

nszuabiindlunseAuiingn Avzvilindnlusouas nlikasiinnnnuasiunas uanstumn

N A

YUN199 hazdruduilaunantanuliazluaing Tananasdanuana1adiumudvoand

]

[
[

a 1 a A A = 1< £4 o v Y [ v A = A
ASEnDa LU AW wse dWn WJunu ‘1/]']1‘1/1LN@N@QIU%Q@%%WUHUW}M‘NQ?{@ LasaNURA

=)

Fa WanaRagun 2.12

sUTl 2.12 ueadi (LCD)

(fian: https://www.cybertice.com/article/47/n3l191u38-character-lcd-fiu-arduino-wuu

avLdyn)


https://blog.thaieasyelec.com/how-to-use-load-cell-and-hx711-amplifier-module
https://blog.thaieasyelec.com/how-to-use-load-cell-and-hx711-amplifier-module
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99 weadn wuaudu 2 wuundng MuUSNEUEASTLERING Al

v o

1. f28nws (Character LCD) Luaefiuansnaidudadnysnudosuuunoni wuae
weadi wun 16x2 vanefislu 1 undifdnuslald 16 ¢ wasdiavun 2 vssialildou du
20x4 agvneddly 1 uoniidisnusldld 20 § uasiivionun 2 ussvia

2. 3R (Graphic LCD) uvefiannsarvunldinasliusazanuumthae fuuas
0715 viievsesuateonty duilaetanunsnassguiuiuuniineld nsseyruinaefly
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Control)
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A150ONUUUIRTTINLANIFUR 3.4 1 esinsTaelaliasassan Talas
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3.3.2 299305993utaARd (Zero Crossing)
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l=V/R (3.3)
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Tag  V @Ae Aeusedng dndaduliad (V)
| Ao Anseualniafluneas Svdeduneuuds (A)

R A9 Anuduniuluieas dmbhodu levu Q)

sUTl 3.16 ngvedlesiy

(s : https://tuemaster.com)

o [

Ingluasesgneuananidnluialdgnmesivuvianausniigduiadiuau 3
WiawInegf 16*30 wudluns linszugadu 220 Laadmaslndin 1200 Tnd dednnesinile
w19 TENIUA 3 WYRBLUUTUIUANTABLUUILINTITRAREINUADNY UINABAUUIN AURD
£y U b‘d‘ Y A &’
fluau Haaws7le fie nszuainazgedu

AsAINAIAIAINAN, wsenulnWidn waznseualviln Taelunisauiny
A13115079LYINNNTAUIN USBNAUAT N1SAURlALAEANNIST 3.4, 3.5 WAy 3.6

nsAwaAImMasinilt awsadnaldannisiiAiussiuin audae

Anseuatin deaunsi 3.4
P=V*]| (3.9)

A15A1UIUAILTIAU LN F1u1sar1ulaannisunAI ATl sae

Anseuain faaunnsi 3.5
V=P/I (3.5)

ANsAUIAINSERalNTN a1unsamwialaanmsinamalwin mseean

w59nuladn feaunish 3.6
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l=P/V (3.6)

oV Ae wsasulidi dvvhedu Thad (V)

o o

| fe nszualnil Svhedu woud (A)

P A9 mdelnin Suvqedu Sas (W)

f79819N15ANUIMNANTELA NN @1u15avATlaaNnaunIsh 3.6

mﬂaum'ﬁﬁ 3.6 l=P/V
wnuATlLuENNIST 3.6 | = 1200 / 220
| = 5.45 wou

ANSATUIINIAIAIINA TUNIUIINVABIABAALUA A1UITAUTLAINNITUN

wsanulnreni1dsaes msmemddlnidn azleaAnuduNILeeNUIRIENNNSA 3.7
R=V¥P (3.7)

Wo R A Anudumulie Swihodulevu (Q)
V #9 anusedndgliiy duiaaduliad (v)

P Aa fdslnii Sudeduiagd (W)

NANNNTT 3.7 R=V¥P
wnuAluEunsh 3.7 R = 220% 1200
R = 40.33 laviy

(% ]
v Y 1 a o

FItY ANANATUNIUTDIUARINLAALUATININTHN 1200 TaA agwindy 40.33 leoviy
3.4.5 STUUNDLADS
vowmoddauWunssuanss 12 Thad AuEaseu 40 89150 RPM Aunsud
fgn 1 uewd uazAunszuagean 6.5 wewd 50 Jnd lnganunsaduuidsliiveseines

1@1naunsi 3.6

mmammsﬁl 3.6 l=P/V
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WUANENAST 3.7 | =50/ 12

| = 4.16 woud
Asymadlninvesuawesausarilaainaunisi 3.8

P=VxlxEff (3.8)
P=12x4.16 x 0.85
P = 42.43 Ya¢

Wo | = ASTLANDLMDS
Vo= wsanuluin
P = Mgkl

Eff. = UszanSanuawmas (A1 0.85)

feduvawmesinidunssuanss 12 Taad dadlafh 42.43 Yo
3.4.6 NSNIBATINAVBUNDINTY
lumseanuuuyailosduld agldamesninsavawesloduuin 14 i wes
428 uae 420 $1ua 10 Tu uasysltawmes wes 428 Idose 106 T Sy 3 9 Fanqud
Snsmnveaites kil

o w [y

%3 | = % 1 1 =l LY di( Ql' 1 = d" =l L%

9n51MAVRHDY A dnduszuinaiies 2 dh Julundenndadenu Fauileesn
niszidudidunazdnilasiazidudiniu Tnen1siedounveuileaiiansasdnanian
assiuduiu Wy Wesduazmyumanduuniing @il nazmunIuduuning

= [ | a < ) & a 1] =~ W

Wostuwazila sy azlinnusisaukasduuiuiasnanneiy feiiluuay

1NNTMTDUHNIINTUBEAUAIMUADINITNUANIIEINTT [HLUTeanAUs) Taetileq

Y

o/ v 6

GilJ’ULLa%LW@ﬁ@]WN%%ﬁﬂ@WNa@JWUﬁ “3!@?3711'13ﬂﬁ"\]7§m’ﬂ§{"\ﬂﬂﬁl|ﬂ'ﬁﬁ 3.9 way 3.10
zlnl=22n2 (3.9)
i=nl/n2=22/7z1 (3.10)
e i = 9R3II9

nl = ANSIsauUraLiladu (3@'U/‘Lﬂﬁ)

n2 = ANusIseUraLilaIny (sau/mﬁ)
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z1 = fuuiluveuilesdu (W)
72 = Snuiuveuiewmy ()
dlomnusivevvenilosdunaziileswmuviadiy feaunisf 3.9 waz 3.10
muddiu azldanilesduiauay 14 flu vyusernusiseu 25 seuseundl uazilos

anudl 14 Ay Faaznonsmevadleaswulassaunisy 3.11

= 72/71 (3.11)

wnuAIaIlUELNS i = 14/14

= 1/1 9951MAfAD 1 : 1

< 2 [ A
ANTAIAULIITOUVDINDINY ANEUNTITN 3.12

= n1/n2 (3.12)

unuetastuauns  1/1 = 25/n2
1xn2 = 25 x1
Noaa=25X1/1,
ANUISITOUTENRIRNY = 25 SOU/UNd
e i = 9R3MA
nl = 25 (39U/U19)
n2 = AAsIseuraaiaem (Seu/unil)
z1 = 14 ()
72 = 14 ()
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N13INAADILLASNANTINAADN

TuuniaznanIfInIINAaeLagHan1INAa0veAs 03g19Ua1nnf s nludAd <
Usznauluiig nMsnaaeurugeTingam)il nsvaasdvanadlunistedmiln nsnaaes
N15Y91UYRBINET N15NAaBIENUaT 3 WA MIneaesgsUatluldasluun n1maaes

a a s a a £ nﬂy
NIIATUANDUNNUTVDITAR DT Tneiisuazldunnail

4.1 MSNARBIAMANLUUEIVDUYULLRTINQUNYH
Tunsnaaespuwiugvesswees wldwuwesingamgl Juiiingamginelu

wng1dan uazlddumesludmesuvuiineadmsveimslusissmainsialduiiinis

Wisuiflsumnuuiuglunisingamaienusou gunsalitltlunisveass uansdaguil 4.1

ey 4.2

;.iilﬁ 4.1 Wwuwesingamgil (Thermocouple Type K)
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UM 4.2 wmeslulnesuuuiineadmsuaims

(i https://www.ponpe.com)

4.1.1 FupeunsnasasnuLtiLE v uIT T Tnammgl
1. @ouUdnveneies neadndidonlnund 1
2. AREIRGESUMSYUTITmAeS
3. Y nes ludnasAInead  nsue 1S g umlafgIfud g uees T e

gaundl Wedneamgianusouneluwigslusun 4.3, 4.4, 4.5, uag 4.6 Nsvezafgeg

9 U

v =

JunnNaadlunnsen 4.1
4. Yean1Inaadnlaang1sen 4.1 nilasigudainmnuianaia
4.1.2 HAN1INARBIANNUNUEIVDUYULYDTINYUNA

NSNARREIaNYMY AIFUN 4.3 Uay 4.4 HANTNARDILAAIAINITINT 4.1

JUN 4.3 1Wiguieureigumiiung
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5UN 4.4 FaueadfuaninallIeuiiiguvneoamniiung

Y

U 4.6 FaueadfuananalUSeuiisvgamaiidienamiuly 5 ui
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M19197 4.1 NANTNARBIANNUNUI VDAY ULDTINQEUNN

e | wuwwesingauugdl | wasluinesadnea AR
(ui) Q) 0 HAwan (%)
5 53.0 53.4 0.74
10 68.3 68.6 0.43
15 83.1 83.4 0.35
20 98.3 98.7 0.40
25 113.0 113.2 0.17

NATININRARIT 4.1 wuirwaurilaniedignnefinundsin 5, 10, 15,
20 uay 25 WiimNuwiuSwewUeT ingung Tefidudanuianantesiiqnoy
0.17 Wedduduazilefidudanuianatnuiniigeegd 0.74 Wesidudusinginfiaiig
AananlndifestumesluiiesuvuAinead nivemsluiosmaiaialy ilenSeuiioy

Anuwiuglunsingamgiiauseu

4.2 ﬂ"li‘]/lﬂaa\'iﬂ?']ilLLﬁu&h“ﬂ@ﬂI‘WﬁﬂL%aéL%ULﬁaﬂuﬂﬂi{l&ﬂﬁqﬂﬁﬂ
Tunisvaassmausludwensuees aldiwumesinanwadlunistuimdnuaius

azaun lnefluunaidn 1 8 1.9 30 vwianas 2 8 2.9 Tn wazawalveg 3 Taduly wagld

FnsesiuuiIneanuiieinarniillinvhnisieuieuasusdugnlumsdaiminuan

usiazuunn gunsalnld uansdssun 4.7 ua 4.8

SUN 4.7 ugeiivaniaad
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JUN 4.8 duasestanuuidnealunemainiily

(i https://telecorsa.com/Telecorsa)

4.2.1 Yunsunsnaassanuwiug vaslvanwaslunisdeinvtn
1. Bulanuenio
2. Yraufazvunlnedauindn 1 89 1.9 Ia au1anane 2 89 2.9 Ia way
auelvg) 3 Tntull indiuueumevanead vwinay 7 ads uardiuuAsestiuuuAInea
Tutismanaily Tuiinwaadunsed 4.2, 4.3, uay 4.4 audey
3. lunisnnassnsad Vanfildlunsmnassdaiminusazvuinasldaniin

W Aagui 4.9

5UN 4.9 vimhndwndedmdnunudminuan

4. YHANISNAADIN bAAINAISI9T 4.2, 4.3, hay 4.4 nUas g ud Ay

a dl
NANAININNAUNITN 4.1

AIRURANAA = [(|A1939 — AIUTZUIU))/A1934] x 100 (4.1)
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JUN 4.10 NA@otalIvilngaeA3ostauuuRdnea (Vunin)

U 4.12 wihesueadfuansuatndn (vunadn)
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A15199 4.2 N15NAARIANULLLE1YelAALYASUN ST NUa1vuIaLan

| wuwesluanwaa \ATRITIUUATATA | AlAURANETR
A3l (Kg) (Kg) (%)
1 0.1 0.1 0
2 0.1 0.1 0
3 0.1 0.1 0
4 0.1 0.1 0
5 0.1 0.1 0
6 0.1 0.1 0
7 0.1 0.1 0

AINAITHNITNAFDIN 4.2 A15TIUIMUNUBIVUINLENTIUIU 7 ATS AULLUE1YDS
a1 ¢ & &1 a v P P 2 & f & &
U sivangaalAlUesuRmMANRANA1N UeeNignagh 0 LUaldud uaviUasidusiaiy
a a VAl ¢ & & T a P ) A ] aa
AANa1nIINTIgAag 0 Wasidud Usingidaiuianaialnaifgaiuiniesdauuusdnealy
Nowatavnludlevinnulssuiisuanuwdugilunistaivtnuatvuiadnuuin 1 99 1.9 U

4.2.2 NaN1ISNAA9IANULLIUENVBI I VAA AR lUN15TIUIMTINUa1TUINNANY

[

NSNARBITANYUEAITUN 4.13, 4.14 Ly 4.15 WNANISNAAIEINNTIT 4.3

Y

JUN 4.13 n0aestad vt aienIestanuuaines (uinnang)
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JUN 4.15 vT199UeaTAKARINANIMTIN (VUIANA1N)

A15199 4.3 NanNIsNAaRIANNLLIUg1vlranwadlunITTILIrinUa1IuInNaNd

s 4 | wuweslvaawad | 1aSesdauuuidnes AAURANAIN
"R (Kg) (Kg) (%)
1 0.2 0.20 0
2 0.2 0.20 0
3 0.2 0.20 0
4 0.2 0.20 0
5 0.2 0.20 0
6 0.2 0.20 0
7 0.2 0.20 0

1 o

INATUNITNARDIN 4.3 NNSTIUIMTNUAIVUINNENNTIUIL 7 ATIAINULLUENVDS

wugeslnanwadiiesidudauianaindesiianegi 0 Wediduduaziesiduday

a d' |l s & ¢ A a v a Y} « o aa
N@]Wﬁ']ﬂll']ﬂ‘l/lﬁiﬂ@fqlﬂ/] 0 Lﬂ@il,‘(]umﬂﬁ']ﬂg'l']ﬂﬂ?qmmﬂwaqﬂiﬂaLﬂﬂ\‘iﬂ‘ULﬂi@ﬂﬂNLL‘UUﬂﬂ@@ﬁiu
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719998199170 LavinnUSsuisuANUwL L LNSTIUIMTNUa1IUIANA1STUA 2 §92.9
U

4.2.3 nan1sMAaIAULINEIvanaawaa lunsauninUatvuang

[

ANSNARBINANWUEAISUN 4.16, 4.17 wae 4.18 LANaNISNARDIAINNTIIN

Y

4.4

sUfl 4.16 NnavstaininmeesestuuuAInea (vunalng)

UM 4.17 neapstedmnmewugesivanwad (vwnlve))



46

A

U 4.18 mihveueadfuwananatnin (vunalvg)

A19199 4.4 wan1TveassANULugedvaaaalunsTrtnUanaun e

s 4 | \wuwesvanag \A3RITIHUUATATA | A1AINAANAIA
e (Kg) (Kg) (%)
1 0.3 0.3 0
2 0.3 0.3 0
3 0.3 0.3 0
4 0.3 0.3 0
5 0.3 0.3 0
6 0.3 0.3 0
7 0.3 0.3 0

NANTNNIINAAIN 4.4 2nA13T8ITnUavuIn IR 31U 7 AT ANLNUEN
& ¢ d & a v P Val ¢ 2 & ¢ & &
GUENL%L%%’IuamLezjaamﬂaimummmmwm@uawqmagw 0 Wastgus hazilasigunnlny
a a | al ¢ & & A a v ) 44' o aa
HAna1nIngaegii 0 LWeosigus Us1ngdimnuianainlnalfssiuns oadamuuninealy
7199987199120 vavinnUSsuiguANUL Ul UNSTIUIRENUAIIUIANAN9YUIR 3 TRTU
U

4.3 ANSNARBINISTINIUVDINDLNDS

[ <

Junsnegeunisuyunausulaisgninanisgnsluudazlvun Jadiaudagidu

I\ a v s I & a I3 o § v & | = 1
981983 nsednuawesryunausulaniufulunssiinigludeaianlunata us

winuawesyunausulartuiulufzviliilevarlnlly gauewmesuaniaguil 4.19
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UM 4.19 yaeinainvyunaumuUan

4.3.1 YUABUNITNAABINITINUYDINBLADS
1. 1 @guldnvennies nnaindidenluunaiudiduiigndl PWM 101133
waviun 3 iun Tnelumndt 1 PWM wihdu 220 Tiundl 2 PWM Wity 200 waglvund 3 PMW
WU 0
2. neangdamses Lewmesieu
3. YausauuazasIvdeunNITNY Tufinnaaslumsned 4.5
4.3.2 NANNSNAABINITHNUVDINBLADS

é’ﬂwmzmimamﬁagﬂﬁ 4.20 wag 4.21 NANISNAABIAINITIN 4.5

5UN 4.20 n13inuseiuvasemasinund 1
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JUN 4.21 nsinulseiuvesanaiiuuni 2

A15197 4.5 HANITVIAADINITVINIUTDIUBLABS

~ . Y A07UTNITUYU
LS UNle A0TUzNDLMDS -
Tuun ; r 2 NANY
V) (i9/livinenw) . 2
(91u/lsivinaw)

1 8.10 YIN91U YIN9U
b) 6.18 Y119U YIN9U
3 0 Talvingnu Talyingnu

NA119NSAET 4.5 asuiuldannsyhauvesewmesluluuad 1 PWM Wiy
220 ansataussdulniile 8.10 Taaduazluundi 2 PWM wiriu 200 asnsatausssulngia
1% 6.18 Taad@saniugn1sviaIutesuewnes waganiugnIIvay 2 iene weaeslvand
aru150v91uls Tudruvedluund 3 PWM windu 0 @ansadausssulaidala o Toas

A0UENTINNUTBIBNEST wazanuENITVILY 2 rvng Tdviheu

4.4 n1INaRsE19Uan 3 YU

Tngazilunismansnisgnavan 3 awa lnedivuiadn 1 8319 Ia vuinnans 2 &
2.9 0 wazawelvgl 3 InTulU azvhmsvegeuiienrilanusazaunaldattunisenaly
anAunil gumgiiildegivinlvg lnoneuazvinisveaesgeiuiniesgaainnissaluslle
ynsnaaesgslasld widwddlalunisgrsandunat 50 wiiids 1 daluslunisgng

NdusEInsgaliimesiuimesdnivemnsuningamaiiniuseuveuna1udila



49

Feanansainla 220 e waldea faguil 4.22 wagshunidsinuanivineannanliaiuseuly

szey 6 lWuAlng ansadnguugiilan 97 esmieallua dagun 4.23

5UN 4.23 Sagumginnuseuisiiua

4.4.1 YUABUNTNARBIEWAN 3 VU
1. \@eulanvonnies naaindidenivuni 1 lnvasidngundgeanlin
220 sy walduadnAmamasegil 220 PWM ne 10 3unil uawesaznryunausulal 1

Asq
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2. Yanundamdnifiousnuatvunaidn 1591.9 Ta auranans 2842.9 T
wazawalng 3 Tty
3. ﬂ'mmﬁuaﬂsummmué’ﬁumsmammL"E‘wwﬁ"ﬁmmumuﬂm
4. AAEIRTEUNNTTNIUTIEnReSLATLELADS
5. funansthaan Tufinnaaslunnsed 4.6, 4.7 uaz 4.8
4.4.2 Han15nAaadEglanvuInLan

NANISNARDINANWUEAITUN 4.24 Lag 4.25 Tuiinnanaassfin1snen 4.6

Y

'
a a1

JUN 4.25 nihveuansgaumgiivaNgnsuarvuniin
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a 1 3
A15199 4.6 HANIINAABIYUANVUIALAN

Janiai qmmﬁﬁ"ﬁ'ﬂ‘lﬁ 1387 \auan

(e9) (u#l) an/laign
1 214.3 29 an
2 218.9 28 an
3 219.4 28 an
i 217.2 29 an
5 218.8 28 an
6 2157 29 an
7 218.4 29 an
8 219.7 27 an
9 214.3 30 an
10 2156 28 an
\nde 217.2 ] ]

ANAITHNITNAFDIN 4.6 Awtiulai1n15819Ua19u1atdn 1 09 1.9 3a lagazida

a

aunfiasgnlin 220 esrwalva WaANewasogil 220 PWM nn9 10 3wl uewmesasmu

Y 9

'
=

ndusulan 1 ase nafiliduresinaumgdainnsaingaumngdvuzivaiantawisey

Y

217.2 sspwaided wasldszaznailunisgrlanvwndnlianaduedi 28 unil

Y

4.4.3 NAN1INAAB9E1NUAITUIANAS

HAN1INARDIAN¥AEAITUN 4.26 uag 4.27 TuUNNNANAeIMInIIen 4.7

5UN 4.26 Uanrunanananaunisgns waenaen1sen
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'
a0

5UN 4.27 vihvsuansgunglvaeigauarvunanas

= !
A9 4.7 HaN1TVAAD9L1UANTUINNA

Janiai gungiifiiald | 1 ilauan

(c) (u#) aqn/laign
1 215.8 36 an
2 216.4 36 an
3 213.2 38 an
4 218.1 33 an
5 214.7 37 an
6 219.2 32 an
7 2153 36 an
8 215.7 36 &n
9 218.1 33 an
10 217.3 34 dn
BER 2163 / 4

NATNNSNAARY 4.7 eziiulainnisgnalatvuinnas 2 54 2.9 Ia lngazidn

a

aunfiasgnlin 220 ssrwa@eadnaueanesegfl 220 PWM mne 10 3undl ueinasazmyu

Y9

'
=

nausnuUan 1 a5 wadild Wwwesingamgll anunsaingungiivaziivatgnliedys

1l

Y

216.3 psrnwaideanazldszaviianlunisgrslauinnandlvianiafeegi 35 Wil
4.4.4 wan15Maassg1slanvunlvg)

HANINARDINANWAEAITUN 4.28 uag 4.29 TUNNNANARDIInITIeN 4.8



UM 4.29 vilvsuantaumgivaeigauarvuialig

A19199 4.8 wan1sneaesgIlavuInlng

i gaumgiininld 181 \lauan

) (u#) gn/laign
1 216.8 39 dn
2 2173 37 an
3 216.2 39 dn
i 2183 37 an
5 217.1 40 an
6 219.6 37 dn
7 218.4 37 an
8 216.7 39 gn
9 218.4 37 an
10 219.3 36 an
\ady 21738 37 an

53

INANTIIN1INAF0T 4.8 aziiulainnisgrsuanvuinlug 3 Tatuly Tneasidn

gunligaanlin 220 e wailed WnAwawasagf 220 PWM 9N 10 31l uawmesasvyu
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'
ra

nauAuYan 1 A% waiiled Wuwesingamgd ansaingungiivazivaianldindeed

Y

217.8 amwaidea uayldsreznalunisersdarvunanandigniadesg 37 wii

4.5 n1snaassgreuanlunnazluun

Tunsgnsaziuseanidu 3 Tnuaudn As 1uaf 1 N15819UUaILn Tuaf 2 N384

a

v d' 1 ¢ A 1 Y] <
WUUREINTOU wazluunil 3 ﬂ']iEJ'NLL‘U‘U’EJLUﬂUizﬁ\‘iﬂﬂiﬂﬂ’]ﬁJNW’ﬂﬂ IﬂEJ“DSL"’UG]QEHﬂEJEj\‘i?!ﬂ

Y

lijﬁ 220, 230 wag 200 DIAYaTYd ANaIAU L%m'}mamai‘agjﬁ 220, 200 uag 0 PWM

MUY wazyng 10 T weimesagnunduiulan 1 ase Feluudazlnuainaaedgeay

a

Tanvuanatsdviln 2 89 2.9 Ua Tanvaedsgui 4.30 lngaznaaesainluueil 1 uag 2

[

muaiu wagldilenyiune lummeaessg1alvuund 3 ddnvagdagui 4.31

Y

5UN 4.31 \evyuagnineunisenslvuni 3

4.5.1 UNBUNITNAABI MLAAZINUA
1. @oulanuaaAsnd NAEIRTERNINAT 1, 2 AL 3 ANUAIRUNITNAADS

2. 1UauFannunfiake n1UaNvuInnNand
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3. dhanundeuidafuununyudan tudonyuasdmisuunzunggng
AINAINUNITNAADY
4. neEIRgEUNTTUTeIBnnesLazLaIMDS
5. JunaINIsEaua Lﬁ/amuazf’jq tufinuaadlupsied 4.9, 4.10, 4.11,
4.12 way 4.13
4.5.2 nan15Mnaesgalnund 1 wuusen
msmaaaﬁé’ﬂwmsﬁqgﬂﬁ 4.32,4.33 uag 4.34 JUTnNan13vaasdaa

MN5199 4.9

UM 4.33 Yamdanisgnalvund 1
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5UN 4.34 vihveuansgumvnilvani 1

A1519% 4.9 HANISNAABDILNLAUAT 1 WUURIUN

v d qmwgﬁﬁ“ﬂ‘lﬁ L3801 ilovan ilovan
danam oy , y
(c) (u1#) an/ldgn | a1/l
1 215.8 36 an f1i1
2 217.6 35 an g1t
3 216.8 36 an dh
i 215.3 36 an gt
5 219.2 34 an gt
6 214.4 38 an gt
7 217.9 36 an f1hn
8 216.4 35 an gt
9 217.3 35 an f1i1
10 218.8 30 an dnth
\ade 2169 35 . .

a ] P | N I3 a v
1NAITNN1INAaDIN 4.9 Q%LWUI@’J']?W?EJ’NU@WIVM@VI 1 I@UQ&L%@QWWQN&\‘]&@I’JW

UL VRS |

220 peFBaT U WWRnANBIMEIREN 220 PWM 109 10 W1l uewmesazuyunduiiulan
1 ] s w a Y a = vy A 1Al
1 a3% waldlduwesingungll awnsaingungiivaeiuatantaiadesdf 216.9 oaen
waldea Idsreznailunsglanligniadesgn 35 Uil uazilevananin
4.5.3 HAN5NARRIYENINUAT 2 WUUNIINTOU

nsnAaRaiidnuyegUil 4.35, 4.36 uay 4.37 Tuiinuaninis1ei 4.10
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4.37 vipuanigumnillnuai 2
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A1519% 4.10 NANISVNAADIE LAY 2 LUUNTINTOU

. | onumgffidald | 1am \ilauan
Uandadl |~ nilsnsau/linsau

(e)) (u#l) gqn/laign
1 226.8 40 an Linseu
2 227.9 40 an Linseu
3 226.3 39 an Linseu
4 228.5 38 an Linseu
5 224.3 41 an Linseu
6 227.9 40 an Linseu
7 228.3 38 gn Linseu
8 226.4 40 an Linseu
9 224.7 42 an Linseu
10 227.3 40 an Linseu

1Ay 226.8 39 - s
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/EamugunsinauvesasesEnsUannissnludia
#include <Wire.h>

#include <LiquidCrystal_12C.h> //i38nld Library 98338 12C
#include "Max6675.h"

#include "HX711.h"

Max6675 ts(6, 5, 4); // SO SS CSK

LiquidCrystal 12C lcd(0x27, 16, 2); // PCF8574

float calibration_factor = 474863.00; //A1a3Lunninasuaslianiead
#define zero_factor 8678422 //Amdlsninaslvaniyad
#define DOUT 8

#define CLK 7

#define DEC_POINT 2

float offset = 0;

float get_units_ke();

HX711 scale(DOUT, CLK);

const int SWStart = 12; // Usgnaaauus SWStart i port 12
const int SWStop = A0; // Uszniefiawys SWStop 7 port A0
const int MOPWM = 9; // Ussneisians MOPWM 7 port 9
const int LPWM = 10; // Usgnesauus LPWM 1 port 10
const int RPWM = 11;//Usznedauys LPWM 7 port 11
const int ZIN = 2;

const int ZOUT = 3;

int TypeTmp = 70;

boolean FlagSt = false;

int TmeDel = 0;

float tempRead = 0.0;

float tempDelta = 0.0;

String s = "Stop";

int timer = 20;

int timzeroclossing = 20;



boolean FlagPless = false;
byte ModeSelect = 1; // L%Méfﬂ‘mm 1
byte SpeedMotor = 128;
byte TimeMotor = 5;
byte CntTimeMotor = 0;
int ledState = LOW; N ddmsudaen LED
unsigned long previousMillis = 0; // \Aue LED ﬂ%ﬂ?jﬂﬁﬂaﬁﬁwmm
const long interval = 5000; // F1aa1finsensu @adiund)
void blink()
{
timer = 0;
digitalWrite(ZOUT, LOW);
}
ISR(TIMERO_COMPA vect) {
if (timer < timzeroclossing) {
timer++;
}
else {
digitalWrite(ZOUT, HIGH);
}
}
float get_units_kg() {
return (scale.get_units() * 0.453592);
}
void setup() {
Serial.begin(9600);
pinMode(SWStart, INPUT _PULLUP);
pinMode(SWStop, INPUT PULLUP);
pinMode(ZIN, INPUT_PULLUP);
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pinMode(ZOUT, OUTPUT);
digitalWrite(ZOUT, LOW);
pinMode(MOPWM, OUTPUT);
pinMode(LPWM, OUTPUT);
pinMode(RPWM, OUTPUT);
ts.setOffset(0); // (??qmsmmaﬁ'm%’umﬁ@qmmﬁ
scale.set_scale(calibration_factor);
scale.set_offset(zero_factor);
led.init();
lcd.backlight();
lcd.clear();
attachinterrupt(digitalPinTolnterrupt(ZIN), blink, RISING);
TIMSKO |= (1 << OCIEOA); //femueadndansy
sei(); /Walganun1stndane
}
void loop() {
unsigned long currentMillis = millis();
if (digitalRead(SWStart) == LOW) /Aflofinisnata Start
{
if (FlagPless == false) /&1 FlagPless dadu false
{
Serial.print(FlagPless);
FlagPless = true; /191 FlagPless fliandu true
Serial.print(" ");
Serial.printin(FlagPless);
Serial.print("FlagSt // ");
Serial.println(FlagSt);
if (FlagSt == false) { //&1 FlagSt ATy false
s = "Start"; // 197 s dandu Start

FlagSt = true; /1% FlagSt ATy true
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Serial.print("S /7 ");
Serial.println(s);

}

else if (FlagSt == true) { /81 FlagSt dandu true
s = "Stop"; /1% s fAAndu Stop
FlagSt = false; /198 FlagSt fandu false
Serial.print("S // ");

Serial.println(s);

}

else if (digitalRead(SWStop) == LOW) //Lﬁaﬁﬂ’liﬂmﬂu Mode Select
{

if (FlagPless == false) /811 FlagPless Tandu false

{

FlagPless = true; /1% FlagPless fAndu true

if (ModeSelect < 3) { /&1 ModeSelect < 3
ModeSelect++; /1% ModeSelect fifnfindudn 1
}

else { //61 ModeSelect >= 3

ModeSelect = 1; /I ModeSelect Jawdu 1

}

if (ModeSelect == 1) /87 ModeSelect = 1

{

TypeTmp = 220; //ﬁu’amqmwgﬁ
SpeedMotor = 220; J/arAnuemed

}

else if (ModeSelect == 2) /87 ModeSelect = 2
{
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a

TypeTmp = 250, //Rsrngaungdl

SpeedMotor = 200; //nenuEnewnes
}
else if (ModeSelect == 3) /a1 ModeSelect = 3
{

TypeTmp = 230; //(??ﬂﬂ'ﬂqﬁquﬁ

SpeedMotor = 0;  //fsA1Aasiteines

TimeMotor = 18;
TmeDel = 500;

}
else { //dlolsifimanatsilag
FlagPless = false; //1ifauUs FlagPless = false;
}
//ilufidmiunsiadagamall 109 500 ms
if (TmeDel < 500) /&1 TmeDel toanin 500 wialediliinsu 500 ms
{
TrmeDel++; //Wifuds TmeDel fawiindudn 1
}
else //&" TmeDel mnniwiawiiu 500 wiawlensu 500 ms
{
TmeDel = 0; /1% TmeDel ffdu 0
float fish w = (get_units_kg()) + offset; /s
tempRead = ts.getCelsius(); /8 1UANRMNNA
if (FlagSt) //61 FlagSt IAndu true wionfeaglulvun Start
{
Serial.println("Start Mode");
if (TypeTmp > tempRead) /81 TypeTmp 111A71 tempRead
{



tempDelta = (TypeTmp - tempRead); //A114384A1 tempDelta AIUFUNTT
tempDelta = (TypeTmp - tempRead)//
if (tempDelta < 2.0) { /81 tempDelta Haen31 2.0
timzeroclossing = 8; /1% timzeroclossing fAndu 8
}
else if (tempDelta < 4.5) { /61 tempDelta Wosnin 4.5
timzeroclossing = 7; //l% timzeroclossing fandu 7
}
else { /&1 tempDelta hinseafudeulalan
timzeroclossing = 1; /1% timzeroclossing fandu 1
}
}
else /01 TypeTmp U1NATIUIBLNIAY tempRead

{

timzeroclossing = 20; //l# timzeroclossing findu 20

if (CntTimeMotor < 18) { /& CntTimeMotor Wesnl1 18
CntTimeMotor++; //1%suUs CntTimeMotor fianifindudn 1
}
else { /87 CntTimeMotor 11ANUTBLVINAY 18

CntTimeMotor = 0; //l% CntTimeMotor fandu 0

if (CntTimeMotor < 6) /a1 CntTimeMotor Hagnii 16
{
analogWrite(MOPWM, SpeedMotor); /1% MOPWM dsdeyanaueunaonsiuen
A aemosiaaly
}
else if ( (CntTimeMotor >= 6) & (CntTimeMotor < 10) ) //a1 CntTimeMotor
UpNIMMIDAU 6 wag CntTimeMotor Uasna1 10

{
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analogWrite(MOPWM, 0); /1% MOPWM dsditygyraiounaen i ov ABNITVIEANL UL DS
}
else if (CntTimeMotor < 15) /81 CntTimeMotor Waunii 15
{
analogWrite(MOPWM, SpeedMotor); /1% MOPWM dsdgyanaeunaonaiumaiiuia
uewmasTiRls
if (currentMillis - previousMillis >= interval) { //ndufiAn1avBIBIABST VN7 5 FUT
previousMillis = currentMillis;
if (ledState == LOW) {
ledState = HIGH;
}else {
ledState = LOW;
}
digitalWrite(RPWM, ledState);
digitalWrite(LPWM, IledState);

}

else //& CntTimeMotor hinsafuieululag
{

analogWrite(MOPWM, 0); //1# MOPWM dsdayanaseundenil OV Aennsvigamsusieines
}

}

else //8n FlagSt fiAndu false aglulmun Stop

{
Serial.printin("Stop Mode");
timzeroclossing = 20; //l% timzeroclossing fAndu 20
digitalWrite(MOPWM, LOW); //Unia3asadreninuson

}

// uanadeyaeenaa LCD uay Serial monitor //

lcd.setCursor(0, 0);
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led.print("W:" + String(fish_w, 1) + "Kg ST:" + String(TypeTmp) + "*C");
lcd.setCursor(0, 1);
lcd.print("T:" + String(tempRead, 1) + "*C " + s + String(ModeSelect) + " ");
Serial.printin("W:" + String(fish_w, 1) + "Kg ST:" + String(TypeTmp) + "*C"),
Serial.printin("T:" + String(tempRead, 1) + "*C " + s + String(ModeSelect) + " ");
Serial.print(n();

}

delay(1);
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Order this document
by 4N25/D

VDE uL

SETI

S

SEMKO

®

NEMKD

DEMKD

BABT

GlobalOptoisolator™

6-Pin DIP Optoisolators

Transistor Output

The 4N25/A, 4N26, 4N27 and 4N28 devices consist of a gallium arsenide
infrared emitting diode optically coupled to a monolithic silicon phototransistor

detector.

+ Most Economical Optoisolator Choice for Medium Speed, Switching Applications
* Meets or Exceeds All JEDEC Registered Specifications

* To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V must be included at end of part number. VDE 0884 is a test option.

Applications
+ General Purpose Switching Circuits

« Interfacing and coupling systems of different potentials and impedances

+ /O Interfacing
* Solid State Relays

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

4N25*
4N25A*
4N26*

[CTR = 20% Min]

4N27
4N28

[CTR = 10% Min]

*Motorola Preferred Devices

STYLE 1 PLASTIC

STANDARD THRU HOLE

Rating [ symbol | vale | wnit | CASE 730A~04

INPUT LED
Reverse Voltage VR 3 Volts
Forward Current — Continuous Ig 60 mA SCHEMATIC
LED Power Dissipation @ Tp = 25°C Pp 120 mw

with Negligible Power in Output Detector 1 5
Derate above 25°C 1.41 mW/=C E }

OUTPUT TRANSISTOR 2 X 5
Collector-Emitter Violtage VCED 30 Volts 30— 4
Emitter—Collector Violtage VECO 7 Volts

PIN 1. LED ANODE

Collector—B Vaolta \Y 70 Volts

i N CBO ” 2. LED CATHODE
Collector Current — Continuous Ic 150 mA 3. N.C.

4. EMITTER

Detector Power Dissipation @ Tp, = 25°C Pp 150 mw 5 COLLECTOR

with Negligible Power in Input LED 6. BASE
Derate above 25°C 1.76 mW/~C '

TOTAL DEVICE

Isolation Surge Voltage(1) Viso 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 sec Duration)

Total Device Power Dissipation @ Tp = 25°C Pp 250 mw
Derate above 25°C 294 mW/~C

Ambient Operating Temperature Range(2) TA —55to+100 °C

Storage Temperature Rangel2) Tsig —551t0 +150 °C

Soldering Temperature (10 sec, 1/16" from case) TL 260 °C

1. Isolation surge voltage is an internal device dielectric breakdown rating.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.

Preferred devices are Motorola recommended choices for future use and best overall value.

GlobalOptoisolator is a trademark of Moterola, Inc.

REV 5

(© Motorola, Inc. 1995

@ MOTOROLA



4N25 4N25A 4N26 4N27 4N28

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)(1)

89

| Characteristic [ symbot | min | Typl1) Max [ unit |
INPUT LED
Forward Voltage (IF = 10 mA) Tpa=25°C VF — 1.15 15 Volts
Tp =-55°C — 13 —
Ta =100°C — 1.05 —
Reverse Leakage Current (VR = 3 V) =] — — 100 WA
Capacitance (V =0V, f =1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector-Emitter Dark Current 4N25,25A,26,27 IcEO — 1 50 nA
(VeE =10V, T = 25°C 4N28 — 1 100
(VcE =10V, T = 100°C) All Devices IcEO - 1 - uHA
Collector-Base Dark Current (Vg = 10 V) lcBO — 0.2 — nA
Collector—Emitter Breakdown Voltage (I = 1 mA) V{BR}CEO 30 45 - Volts
Collector-Base Breakdown Voltage (I = 100 pA) V{EIR}CBO 70 100 — Volts
Emitter—Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7 7.8 — Volts
DC Current Gain (Ip =2 mA, Vg =5 V) = - 500 - —
Collector—Emitter Capacitance (f = 1 MHz, Vgg = 0) Cce — 7 — pF
Collector—Base Capacitance (f = 1 MHz, Vcg = 0) CcB — 19 — pF
Emitter—Base Capacitance (f = 1 MHz, Veg = 0) Cep - g — pF
COUPLED
Output Collector Current (IF = 10 mA, Vgg = 10V) Ic (CTR)(2) mA (%)
4N25 25A 26 2(20) 7 (70) —
4N27,28 1(10) 5 (50) —
Collector-Emitter Saturation Voltage (I =2 mA, If = 50 mA) VCE(sat) i 0.15 05 Volts
Tum-On Time (I = 10 mA, Ve = 10V, Ry = 100 Q)3) o — 28 - us
Tum-Off Time (If = 10 mA, Vige = 10V, Ry = 100 ©2)(3) toff - 45 - us
Rise Time (IF = 10 mA, Vigg = 10 V, Ry = 100 )(3) tr -~ 1.2 — us
Fall Time {IF = 10 mA, Ve = 10V, R = 100 Q)(3) i — 13 — us
Isolation Voltage (f = 60 Hz, t = 1 sec)4) Viso 7500 = — Vac(pk)
Isolation Resistance {\r’ =500 V)i4) RiSO 1011 — — Q
Isolation Capacitance (V = 0V, f= 1 MHz)(4) Ciso — 0.2 — pF

1. Always design fo the specified minimum/maximum electrical limits (where applicable).

2. Current Transfer Ratio (CTR) = Ic/IF x 100%.
3. For test circuit setup and waveforms, refer to Figure 11.

4. For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
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4N25 4N25A 4N26 4N27 4N28

TYPICAL CHARACTERISTICS
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4N25 4N25A 4N26 4N27 4N28
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4N25 4N25A 4N26 4N27 4N28
PACKAGE DIMENSIONS

MNOTES:

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

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

INCHES | MILLIMETERS
MIN_ | MAX | MIN | MAX
030 [ 0350 | 813 | 88 |
0240 | 0260 | 610 | 660
0115 [ 0200 | 283 | 508
0016 | 0020 | 041 ] 080
o040 [oara | 102 | 17
0010 | 0014 | 025 | 0.3
0.100BSC 254 BSC
ogos [op2 | 021 [ o3
0400 | 0150 | 254 | 381
030850 162 BSC
oe] 15¢] o] 15¢
DspL 005 [ o100 [ o3| as

9] 0130.005®@[ T/ A @8 @] STHE:
PIN1. ANODE
2. CATHODE
N
EMTTER
COLLECTOR
BASE

—"Jl]l"l—JSPL
[$]0130005)@| 7|8 @A @

z:r—:«.a-nmanmh|i

CASE 730A-04
ISSUE G

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS|
Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS
MIN_ | MAX | MIN | MAX
0320 | 0350 | B13 | BA8§
0240 | 0260 | 610 | BAD
0115 | 0.200 | 293 | 508
0016 | 0020 | 041 | 050
0040 | 0070 | 102 | 177
0010 | 0014 | 025 | 036
0.100 BSC 254B5C
0020 | 0025 | 051 | 083
0008 | 0012 | 020 | 030
0006 § 0035 | 046 | 088 |
0,320 BSC 813 BSC

0332 [ o3a0 | 843 [ g0

|
1
)&
4

:
SN = T
Ej; G—WJLK 18

=&
PLANE

DerL [$0130.005@[T[8 @A G|
[@]0.130005)@[T]2 @[6 @]

mr—;ﬂl-::!'nrﬂl:lnub|

*Consult factory for leadform

option availability
CASE 730C-04

ISSUED
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4N25 4N25A 4N26 4N27 4N28

- NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982
n n n 2. CONTROLLING DIMENSION: INCH.
6 4 3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
Ox1._ a INCHES | MILLIMETERS
oono DS AL
A | 0320 | 0350 | 813 | 889
B | 0240 | 0260 | 610 | 660
C | 0115 ]0200)] 203 | 508
F4pL—mp<— L 0 [ 0016 | 0.020 | 041 | 050
| E | 0040 | 0070 | 102 [ 177
c ' [ F | oo loou| 025] 0%
! G 0.100 BSC 254 BSC
| J | 0008 5‘012 021 | 030
ﬂ_ K | 0100 | 0150 | 254 | 38t
SEATING — L | 0400 | 0425 | 10.16 | 10.80
PLANE - G o N_| 0015 | 0.040 | 038 | 1.02
DerL
EepL &(013(0005®@(T|A @ [B®
- LAEIED] *Consult factory for leadform
option availability
CASE 730D-05
ISSUE D

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

How to reach us:
USA/EUROPE: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuki,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX0@email.sps.mot.com - TOUCHTONE (602) 244-6609 HONG KONG: Motorola Semiconductors HK. Ltd.; 8B Tai Ping Industrial Park,
INTERNET: http://Design-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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SEMICONDUCTOR
TECHNICAL DATA

KIA7805AP~KIA7824AP

BIPOLAR LINEAR INTEGRATED CIRCUIT
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THREE TERMINAL POSITIVE VOLTAGE REGULATORS

5V, 6V, 7V, 8V, 9V, 10V, 12V, 15V, 18V, 20V, 24V.

FEATURES

- Internal Thermal Overload Protection.

- Internal Short Circuit Current Limiting.

+ Output Current up to 1.5A.

- Satisfies IEC-65 Specification. (International Electronical Commission).

- Package is TO-220AB

LINE-UP
ITEM OUTPUT VOLTAGE (Typ.) UNIT
KIA7805AP 5
KIA7806AP 6
KIA7807AP 7
KIA7808AP 8
KIA7809AP 9
KIA7810AP 10 vV
KIA7812AP 12
KIAT8I5SAP 15
KIAT818AP 18
KIA7820AP 20
KIA7824AP 24

MAXIMUM RATINGS (Ta=257C)

CHARACTERISTIC SYMBOL | RATING | UNIT
KIA7805 ~
35
Input Volt KIA7815 v =
nput Voltage
3 % KIA7818 ~ o
40
KIA7824
Power Dissipation-1
i AP Ppa 19
(No Heatsink)
w
Power Dissipation-2
. 4 AP Ppy 30
(Infinite Heatsink)
Operating Junction Temperature Tj -40 ~150 8]
Storage Temperature Tstg -55 ~150 T
Maximum Junction Tamperature Ti(max) 150 C

L

oo ax oo
123

LINPLT
21GND
LouTeUT

DIM | MILLIMETERS
A 99202
B 15.95 MAX
C 1.340.1-0.05
D 082 0.1
E #3602
F 28401
G 37
H 0.5+0.1/-0.08
I #1.5
J 13.08% 0.3
K 146
L 14201
M 1.272 0.1
N 254202
0 45202
P 24202
Q 92202

TO-220AB
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EQUIVALENT CIRCUIT
@ INPUT
o~ -~ e
& = o
= Qul LQit-l
- Q15
—| Q16
"
| Q12 1= 2
h oy [ ¥ R14
Q14 ANA—
17 °
S - =
o -4
= @ OUTPUT
o S B,
Q Ql Q6
2l Y-
a1
o
o
=
2 ) GND
KIA7805AP
= = T=T: <1257
ELECTRICAL CHARACTERISTICS (V\=10V, Iour=S00mA, 0T <T;<125T)
TEST
CHARACTERISTIC SYMBOL TEST CONDITION MIN. TYP. | MAX. | UNIT
CIRCUIT
Output Voltage Vour Fig. 1 Tj=25C, Ioyr=100mA 48 5.0 5.2 v
7OV V=25V 2 3 100
Input Regulation Reg line Fig. 1 Tj=25 C mV
8OV=VN=12V 4 1 50
SmA <Ig =154 d 5 100
Load Regulation Reg load Fig. 1 Tj=25 T mV
250mA =lguT =750mA | - 5 50
Output Voltage Vout Fig. 1 7OV =V =20V 475 - 5.25 A4
Quiescent Current Ig Fig. 1 Tj=25C, Igyr=5mA - 42 8.0 mA
Quiescent Current Change g Fig. 1 1OV =V =25V - - 1.3 mA
Output Noise Voltage VNO Fig.2 Ta=257, 10Hz =f=100kHz - 50 - #Vrms
Ripple Rejection Ratio RR Fig. 3 f=120Hz, 8.0V =V =18V, 62 78 - dB
Dropout Voltage Vp Fig. 1 louT=1.0A, T;=25T - 2.0 - A
Short Circuit Current Limit Igc Fig. 1 Tj=25 T - 1.6 - A
Average Temperature TC Fie 1 1 —SmA, 0T <T: <125°C 06 e
Coefficient of Output Voltage Vo & out ’ = i ’ v




(2) CURRENT BOOST REGULATOR

Vi © ANA \__/

PRECAUTIONS ON APPLICATION

KIAT8xx
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OVour

|
I
0.1pF
B+
=
10puF

(1) In regard to GND, be careful not to apply a negative voltage to the input/output terminal. Further, special care is necessary in ca

of a voltage boost application.

(2) When a surge voltage exceeding maximum rating is applied to the input terminal or when a voltage in excess of the input termin

voltage is applied to the output terminal, the circuit may be destroyed. Specially, in the latter case, great care is necessary Furthe

if the input terminal shorts to GND in a state of normal operation, the output terminal voltage becomes higher than the input vol

(GND potential). and the electric charge of a chemical capacitor connected to the output terminal flows into the input side,

which may cause the destruction of circuit. In these cases, take such steps as a zener diode and a general silicon diode are conne

to the circuit, as shown in the following figure.

Ll
%

Vino

Output surge and
input short protecting
diode.

KIAT8xx
SERIES

Vz
Input surge /

protecting diode. VzoViy

o Vour

(3) When the input voltage is too high, the power dissipation of three terminal regulator increase because of series regulator,

so that the junction temperature rises. In such a case, it is recommended to reduce the power dissipation by inserting the power

limiting resistor Rgpy in the input terminal, and to reduce the junction temperature as a result.



APPLICATION CIRCUIT

(1) VOLTAGE BOOST REGULATOR

(a) Voltage boost by use of zener diode

VN ©

971

(b) Voltage boost by use of resistor

VING

Vin O

0.33uF

(c) Adjustable output regulator

0.33uF

OVout
KIA78xx
_ — 3 e
A%
oy 2 OUT (IC)
v, & ™ Rl
l 1 > 5mA
Vour=Vourae) + Vz
Ovour
KIA78xx
< 2, 2
-4 = E
I
273”
i R2
VDUT_VOLIT{IC)(I"'E]*'M Ig
OVour
KIA78xx
B + o
I z
1
KIA4558PXT
77777

R2
Vour = Vouracey (1+
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Vin

Rsp LouT
Vin O NN,
KIA78xx Vour
(g SERIES
=_1
3 -
=
IB
7777

The power dissipation Ppy of IC is expressed in the following equation.

Pp=(ViN-Vour) - lout* VIN' - IB

If V' is reduced below the lowest voltage necessary for the IC, the parasitic oscillation will be caused according to circumstances.
In determining the resistance value of Rgp. design with margin should be made by making reference to the following equation.
Vin- VIN'
Rg IN" VIN
lout +1B
(4) Connect the input terminal and GND, and the output terminal and GND, by capacitor respectively.
The capacitances should be determined experimentally because they depend on printed patterns. In particular,
adequate investigation should be made so that there is no problem even at time of high or low temperature.

(5) Installation of IC for power supply
For obtaining high reliability on the heat sink design of the regulator IC, it is generally required to derate more than 20%
of maximum junction temperature {Tj MAX.) Further, full consideration should be given to the installation of IC to the heat sink.

(a) Heat sink design
The thermal resistance of IC itself is required from the viewpoint of the design of elements, but the thermal resistance from the
IC package to the open air varies with the contact thermal resistance. Table 1 shows how much the value of the contact thermal
resistance (- +¢g) is changed by insulating sheet (mica) and heat sink grease.

TABLE 1. UNIT: T/W
PACKAGE MODELNO. | TORQUE MICA o +os
. Not Provided 03 ~0.5(1.5~2.0
TO-220AB KIA78xxAP 6kg - o { )
(0.6N/m) | Provided 2.0 ~2.5(4.0 ~6.0)

The figures given in parentheses denote the values at time of no grease.
The package of regulator IC serves as GND, therefore, usually use the value at time of "no mica"
(b) Silicon grease
When a circuit not exceeding maximum rating is designed, it is to be desired that the grease should be used if possible.
If it is required that the contact thermal resistance is reduced from the view-point of the circuit design,
It is recommended that the following methods be adopted.

A: Use Thercon (Fuji High Polymer Kogyo K.K)
B: Use SC101 (Torei Silicon) or G-640 (GE), if grease is used.

(c) Torque
When installing IC on a heat sink or the like, tighten the IC with the torque of less than the rated value. If it is tightened with
the torque in excess of the rated value, sometimes the internal elements of the IC are adversely affected. Therefore, great care
should be given to the installing operation. Further, if polycarbonate screws are used, the torque causes a change with the passage
of time, which may lessen the effect of radiation.
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(6) [EC (International Electronical Commission)-635 Specification.

(a) IEC (International Electronical Commission)-65 is the standard, parts testing method, machinery and tolls (used in connecting main
power directly and indirectly) Which are used at home and general building. The purpose of the above standard is not to breaking out the

risk which is related to an electric shock, a heating, a fire and the damage of surrounding parts in the case of normal or abnormal operating.

(b) In case temperature is limited by temperature overheating prevention device, fuse or the operation of fuse resistor
One must calculate the temperature of PCB substrate in 2 minute.
AT =110 regulated
ZT=T(The PCB substrate temperature in 2 minute)

-Ta(Ambient temperature) 2
Isc(A)

(c) Graph
As the territory of the deviant line appear by the heat, as the
area is wider, T(The PCB substrate temperature in 2 minute)

is becoming high.

%
%/

120 time(second)

Fig. 4 Iy - T, Fig. 5 Vour - Tj
6 6
- z
2 -
2 4 = 4
=
= <]
8 &
& &
= S
o 2 | —
= KIAT805 E KIAT7805
- Vi =10V S VN =10V
louT=0 Q LouT=5.0mA
0 1 L 0 L L
0 50 100 150 0 50 100 150
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Fig. 6 Fig. 7
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e | —
= 80 ] - - 18 A
B T
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DROPOUT VOLTAGE Vi (V)

ALLOWABLE POWER DISSIPATION Py (W)
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Micro Commercial Components
20736 Marilla Street Chatsworth

™

Micro Commercial Components CA 91311

Phone: (818) 701-4933
Fax: (818) 701-4939
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Lead Free Finish/RoHS Compliant (NOTE 1)("P" Suffix
designates RoHS Compliant. See ordering information)
Low Profile Package

Any Mounting Position

Silver Plated Copper Leads

Surge Overload Rating Of 50 Amps
UL Recognized File # E165989

Case Material:Molded Plastic. UL Flammability
Classificatio Rating 94-0 a;nd MSL Rallnq 1

WO005M
THRU
W10M

1.5 Amp Single Phase
Bridge Rectifier
50 to 1000 Volts

Maximum Ratings

Operating Temperature: -55°C to +125°C
Storage Temperature: -55°C to +150°C

MCC Device Maximum Maximum | Maximum
Catalog Marking Recurrent RMS DC
Number Peak Reverse Voltage Blocking

\oltage Voltage
WO005M | W00osM 50V 35V 50V
WO1M WO1M 100V 70V 100V
Woz2m Wo2Mm 200V 140V 200V
WOo4M WOo4M 400V 280V 400V
WOEM WOEM 600V 420V 600V
WosM WosM 800V 560V 800V
W10M W10M 1000V 700V 1000v

Electrical Characteristics @ 23C Unless Otherwise Specified

WOM

Aii‘»a_..

Average Forward lrany 1.5A T, = 25°C
Current

Peak Forward Surge IFsm 50A 8.3ms, half sine
Current

Maximum Forward

Voltage Drop Per Ve 1.0V | lem = 1.5A;
Element T,=25°C*
Maximum DC

Reverse Current At Ir 10uA | T,=25°C
Rated DC Blocking 1mA | T,=100°C
Voltage

*Pulse test: Pulse width 300 psec, Duty cycle 1%

DIMENSIONS
INCHES MK
Dina MIN MAX MIN MAX NOTE
A — 358 — 2.10
B — 225 e 5.70
[+] 1.000 — 25.40 —
D 1.098 — 27.90 —
E 180 220 4.60 5.60
E 028 03z 071 0.81
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MCC

Micro Commercial Components

-

WO0O05M thru W10M

Figure 1

. - Figure 2
Typical Forward Characteristics Typical Reverse Characteristics
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Ordering Information

Device Packing

(Part Number)-BP Bulk;10K/Ctn

***IMPORTANT NOTICE***

Micro Commercial Components Corp. reserves the right to make changes without further notice to any product herein to
make corrections, modifications , enhancements , improvements , or other changes . Micro Commercdal Components
Corp . does not assume any liability arising out of the application or use of any product described herein; neither does it
convey any license under its patent rights ,nor the rights of others . The user of products in such applications shall assume all
risks of such use and will agree to hold Micro Commercial Components Corp . and all the companies whose products are

represented on our website, harmless against all damages.

***LIFE SUPPORT ***

MCC's products are not authorized for use as critical components in life support devices or systems without the express written
approval of Micro Commercial Components Corporation.

***CUSTOMER AWARENESS* **

Counterfeiting of semiconductor parts is a growing problem in the industry. Micro Commercial Components (MCC) is taking
strong measures to protect ourselves and our customers from the proliferation of counterfeit parts. MCC strongly encourages
customers to purchase MCC parts either directly from MCC or from Authorized MCC Distributors who are listed by country on
our web page cited below. Products customers buy either from MCC directly or from Authorized MCC Distributors are genuine
parts, have full traceability, meet MCC's quality standards for handling and storage. MCC will not provide any warranty
coverage or other assistance for parts bought from Unauthorized Sources. MCC is committed to combat this global
problem and encourage our customers to do their part in stopping this practice by buying direct or from authorized

distributors.
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Order this document
by MOC3061/D

“Ta° awlg/00o0®

VDE uL CSA SETI | SEMKO | DEMKO | NEMKD | BABT

GlobalOptoisolator™

6-Pin DIP Zero-Cross

Optoisolators Triac Driver Output
(600 Volts Peak)

The MOC3061, MOC3062 and MOC3063 devices consist of gallium arsenide
infrared emitting diodes optically coupled to monolithic silicon detectors
performing the functions of Zero Voltage Crossing bilateral triac drivers.

They are designed for use with a triac in the interface of logic systems to
equipment powered from 115/240 Vac lines, such as solid-state relays,
industrial controls, motors, solenoids and consumer appliances, etc.

» Simplifies Logic Control of 115/240 Vac Power
» Zero Voltage Crossing
« dv/dt of 1500 V/us Typical, 600 \V/us Guaranteed

» To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V” must be included at end of part number. VDE 0884 is a test option.

Recommended for 115/240 Vac(rms) Applications:
+ Solenocid/Valve Controls

+ Lighting Controls

= Static Power Switches

+ AC Motor Drives

MAXIMUM RATINGS

* Temperature Controls
* E.M. Contactors

* AC Motor Starters

* Solid State Relays

MOC3061

[IFT = 15 mA Max]

MOC3062

[IFT = 10 mA Max]

MOC3063*

[IFT = 5 mA Max]

*Motorola Preferred Device

STYLE 6 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

COUPLER SCHEMATIC

ZERD
CROSSING (14
CIRCUIT

1. ANCDE
2. CATHCDE
3. NC
4. MAIN TERMINAL
5. SUBSTRATE

DO NOT CONNECT
6. MAIN TERMINAL

Rating l Symbol | Value I Unit
INFRARED EMITTING DIODE
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA
Total Power Dissipation @ Ta = 25°C Pp 120 mwW
Negligible Power in Qutput Driver
Derate above 25°C 1.41 mW/°"C
OUTPUT DRIVER
Off—State Output Terminal Voltage VorM 600 Volts
Peak Repetitive Surge Current ITSM 1 A
(PW =100 ps, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 150 mwW
Derate above 25°C 1.76 mWrC
TOTAL DEVICE
Isolation Surge Voltage(1) Viso 7500 Vac(pk)
(Peak ac Violtage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Ta = 25°C Pp 250 mW
Derate above 25°C 294 mWrFC
Junction Temperature Range Ty —40 to +100 °C
Ambient Operating Temperature Range(z) Ta —40 to +85 °C
Storage Temperature Range{Z) Tstg —40 to +150 °C
Soldering Temperature (10 s) T 260 °C

1. Isolation surge voltage, V|g (. is an internal device dielectric breakdown rating.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.
Preferred devices are Motorola recommended choices for future use and best overall value.
GlobalOptoisclator is a trademark of Motorola, Inc.

(Replaces MOC3060/D)
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| Characteristic I Symbol Min I Typ I Max I Unit I
INPUT LED
Reverse Leakage Current Ir — 0.05 100 pA
(VR=86V)
Forward Voltage VE — 13 1.5 Volts
(Ig = 30 mA)
OUTPUT DETECTOR (IF = 0)
Leakage with LED Off, Either Direction IDRM1 — 60 500 nA
(Rated Vprm(1h
Critical Rate of Rise of Offi-State Voltage(3) dv/dt 600 1500 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output IET mA
(Main Terminal Voltage = 3 V(2)) MOC3061 — — 15
MOC3062 — — 10
MOC3063 — — 5
Peak On—State \oltage, Either Direction VTM — 18 3 Volts
(ITp = 100 mA, If = Rated IfT)
Holding Current, Either Direction IH — 250 — pA
Inhibit Voltage (MT1-MT2 Voltage above which device will not trigger.) VINH — 5 20 Volts
(I = Rated IFT)
Leakage in Inhibited State IoRMZ2 — N 500 [T
(IF = Rated IFT, Rated VpRrM, Off State)
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)

. Test voltage must be applied within dv/dt rating.

2. All devices are guaranteed to trigger at an IF value less than or equal to max |FT. Therefore, recommended operating | lies between max
IET (15 mA for MOC3061, 10 mA for MOC3062, 5 mA for MOC3063) and absolute max I (60 mA).

V1. ON-STATE VOLTAGE (VOLTS)

Figure 1. On-State Characteristics

. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load—driving thyristor(s) only.

TYPICAL CHARACTERISTICS
TA = 25°C
I | 7 L]
+800 OUTPUT PULSE WIDTH - 80 pis| 4 '} oAt 17ET
= +600 e =30 mA / 13 NORMALIZEDTO| |
E F L/ Ta=25°C
S 400 f=60Hz V. o 12
a1
o Tp=25°C / S -
= 4200 =R —~
a [} / E 1 ™ —
w T—
= % -"""--..__
= 200 = 09 —
@ = ~
z 400 e Zo0s
= 600 / 07
E 4 |
800 06
05
4 3 -2 1 0 1 2 3 4 5 40 20 0 20 40 60 80 100

TA. AMBIENT TEMPERATURE (°C)

Figure 2. Inhibit Voltage versus Temperature
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MOC3061 MOC3062 MOC3063

500 T 15
z | 14 \\
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Figure 3. Leakage with LED Off Figure 4. IDRM2, Leakage in Inhibit State
versus Temperature versus Temperature
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Figure 5. Trigger Current versus Temperature

|
|
| =
I

PWin. LED TRIGGER PULSE WIDTH (1s)

Figure 6. LED Current Required to Trigger
versus LED Pulse Width

1. The mercury wetted relay provides a high speed repeated
pulse to the D.U.T.

2.100x scope probes are used, to allow high speeds and
voltages.

PULSE 3. The worst—case condition for static dv/dt is established by
INFUT MERCURY triggering the D.U.T. with a normal LED input current, then
WETTED removing the current. The variable Ryg g allows the dv/dt to be
RELAY gradually increased until the D.U.T. continues to trigger in
response to the applied voltage pulse, even after the LED
current has been removed. The dvi/dt is then decreased until
the D.U.T. stops triggering. tRC is measured at this point and
4 recorded.
Vimax =400V
APPLIED VOLTAGE g
WAVEFORM —— 252V
_ 083 Vimay _ 378
ovorrs———f—4 ————— ——— W= T TRe
TRC

Figure 7. Static dv/dt Test Circuit
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MOC3062 MOC3063

Typical circuit for use when hot line switching is required.

Voo Rin 1
O——AM———

1
3
O—

MOC3061-63

6 %0Q In this circuit the “hot” side of the line is switched and the

load connected to the cold or neutral side. The load may be
connected to either the neutral or hot line.
Rin is calculated so that I is equal to the rated |pT of the

20Vac ot 15 mA for the MOC3061, 10 mA for the MOC3062,
and 5 mA for the MOC3063. The 39 ohm resistor and 0.01

uF capacitor are for snubbing of the triac and may or may

o NEUTRAL not be necessary depending upon the particular triac and

load used.

Figure 8. Hot-Line Switching Application Circuit

240 \u’a/c\-/

R1 D1
Suggested method of firing two, back-to—back SCR's,
v 1 ] with a Motorola triac driver. Diodes can be 1N4001; resis-
cco R tors, R1 and R2, are optional 330 chms.
n 3 5 L 5CR
MOC3061-63 —o SCR
360 Q2
o 3 4 AN ® NOTE: This optoisolator should not be used to drive a load directly.
It is intended to be a trigger device only.
D2
R2
*—s LOAD fb

Figure 9. Inverse—Parallel SCR Driver Circuit

MOC3061 MOC3062 MOC3063
PACKAGE DIMENSIONS

INCHES | MILLIMETERS
% o | D[ MIN_| MAX | MIN | MAX
F 4 PL—mjj— N— fe— L —= A | 030 0350 | 813 | 889
i | B | 0240 | 0760 | 610 | 86D
| | C | om5 {0200 203 | 508
D | 0016 |00 | 041 | 050
— E | 0040 | oom | 102 | 177
| —f—_ F | 000 | 00w | 025 | 036
SEATING K 3 ool}%aosgu :giﬁlssgsn
PLANE G | ! —wll— JgpL 0100 | 0.150 | 254 | 381
L | oomesc 62 BSC
EenL MJ (@] 0130005®[T[8 ®[AD)] T N B N
0.015 | 0100 | 036 | 254
DePL
[#] 0130005 ®[T]A @[B @] -
PIN1. ANODE
2. CATHODE
3 NG
4. MAIN TERMINAL
5. SUBSTRATE
8. MAIN TERMINAL

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED FARALLEL.

CASE 730A-04
ISSUE G




108

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1082
2. CONTROLLING DIMENSIOMN: INCH.

INCHES MILLIMETERS
MIN | MAX | MIN | MAX
0320 | 0350 | E13 B39
D240 | 0260 | 610 B850
0115 ) 0200 | 293 508
DOME | 0020 | 041 050
D040 | 0OTD | 102 177
D010 | 0014 025 036

0.100 BSC 254 BSC
0.020 I D025 | D51 D83
0.008 'ﬂﬂ 020 030
DO0DE | 0035 | 016 038

0.320 BSC B.13BSC
0337 ] 0390 | B43 | om0

F4pPL —mgu— H—| l ’-—L——‘

SEATING
PLANE

EerL

DepL [©]0.13(0005)@[T[B ®[AD]
[@[0130005®@[1[A @B @]

m.—z-_:nmmunuhli

*Consult factory for leadform

option availability
CASE 730C-04

ISSUE D

MOC3061 MOC3062 MOC3063

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
¥14.5M, 1962
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
E FORMED PARALLEL.

INCHES MILLIMETERS

{om [N ] max | min [ mAx
A [ 0320 | 0350 | 613 | 88g
B | 0240 | 0260 | 610 | G660
C | 0115 | o200 | 200 | 508
FapL—sp=— N— “ | W D | 0016 | 0020 | 041 | 050
e | oos0 [ oo | 1 | 1m
! 1 [ F | 0ot [ 0014 [ 025 [ 036
c ) L G 0.100 BSC 2.54 BSC
= 4 | o008 [ 002 | 021 | 030
f K | 0100 | 0150 | 254 | 381
- L | 0400 | 0425 | 10.16 | 1080
LK e [N ] oots [ooso | 038 ] 102

DerL

[@]01300005@] T2 @[ @)

*Consult factory for leadform
option availability

CASE 730D-05
ISSUED

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

How to reach us:
USA /EUROPE: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuki,
PO. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAXO@email.sps.mot.com - TOUCHTONE (802) 244-6609 HOMNG KONG: Motorola Semiconductors HK. Ltd; 88 Tai Ping Industrial Parl,
INTERNET: http://Design-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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‘ SGS-THOMSON BTA41 A/B
Y VICROELECTRONICS BTB41 B

STANDARD TRIACS
FEATURES
s HIGH SURGE CURRENT CAPABILITY
s COMMUTATION : (dV/dt)c> 10Vius Az Ay
=n BTA Family : a

INSULATING VOLTAGE = 2500V(rms)
(UL RECOGNIZED : E81734)

DESCRIPTION

The BTA41 A/B / BTB41 B triac family are high Al
performance glass passivated PNPN devices. A2 £
These parts are suitables for general purpose ap-

plications where high surge current capability is re- TOP 3
quired. Application such as phase control and (Plastic)

static switching on inductive or resistive load.

ABSOLUTE RATINGS (limiting values)

Symbol Parameter Value Unit
IT(RMS) RMS on-state current BTA Tc=75°C 40 A
(360° conduction angle)
BTB Tc=85°C 45
ITsm Non repetitive surge peak on-state current tp=83ms 315 A
( Tj initial = 25°C )
tp =10 ms 300
12t 12t value tp=10ms 450 Als
di/dt Critical rate of rise of on-state current Repetitive 10 Alus
Gate supply : Ig = 500mA  dig/dt = 1A/us F =50 Hz
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THERMAL RESISTANCES
Symbol Parameter Value Unit
Rth (j-a) [Junction to ambient 50 °C/W
Rth (j-¢) DC |Junction to case for DC BTA 1.2 °C/IwW
BTB 0.8
Rth (j-c) AC |Junction to case for 360° conduction angle BTA 0.9 °C/W
( F= 50 Hz)
BTB 0.6
GATE CHARACTERISTICS (maximum values)
PG (AV) = W  PeM=40W (tp=20pus) Icm=8A(tp=20pus) VgmMm = 16V (tp = 20 us).
ELECTRICAL CHARACTERISTICS
Symbol Test Conditions Quadrant Suffix Unit
A B
IGT Vp=12V (DC) RL=33Q Tj=25°C 111111 MAX 100 50 mA
v MAX 150 100
VaT Vp=12V (DC) RL=33Q Tj=25°C 1-11-11-1V MAX 1.5 \
VGD VD=VDRM RL=3.3kQ Tj=125°C H-1-1V MIN 0.2 \
tgt VD=VDRM |G = 500mA Tj=25°C 1=V TYP 2.5 us
dig/dt = 3A/us
IL Ig=1.2 IgT Tj=25°C I-1-1v TYP 70 60 mA
Il 200 180
Iy~ IT= 500mA gate open Tj=25°C MAX 100 80 mA
Vm ¥ |TM; 60A tp= 380us Tj=25°C MAX 1.8 \
IDRM VprMm Rated Tj=25°C MAX 0.01 mA
RRM Vigdy Rated Tj=125°C MAX 6
dV/dt * | Linear slope up to Vp=67%VpRM Tj=125°C MIN 250 250 Vius
gate open
(dVvidt)e * | (di/dt)c = 18A/ms BTA Tj=125°C MIN 10 Vius
(dl/dt)c = 20A/ms BTB

* For either polarity of electrode A2 voltage with reference to electrode A1.
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BTA41 A/B/ BTB41 B

ORDERING INFORMATION

Package IT(RMS)

VDRM / VRRM

Sensitivity Specification

A \"

BTA 41 400

(Insulated) 600

700

800

XX |X|X|»

BTB 45 400

(Uninsulated) 600

700

800

XX | X [ X | XX |[X|[xX O

Fig.1 : Maximum RMS power dissipation versus RMS
on-state current (F=50Hz).
(Curves are cut off by (dl/dt)c limitation) (BTA)

P (W)
IS
o
A
40 = 120 —| A
] f /
| Q- 90
30 f
Q- e | S
20— oy= 30° ’////
2
10— /-‘.. NVl EERER Y i ——
o IT(RMSI)(A)
0 5 10 15 20 25 30 35 40

Fig.3 : Maximum RMS power dissipation versus RMS
on-state current (F=50Hz).
(Curves are cut off by (dl/dt)c limitation) (BTB)
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Fig.2 : Correlation between maximum RMS power
dissipation and maximum allowable temperatures (Tamb
and Tggge) for different thermal resistances heatsink +
contact (BTA).
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Fig.4 : Correlation between maximum RMS power

dissipation and maximum allowable temperatures (Tgmp
and Tgase) for different thermal resistances heatsink +

contact (BTB).
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Fig.5 : RMS on-state current versus case temperature.
(BTA)
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Fig.7 : Relative variation of thermal transient impedance
pulse duration.
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Fig.9 : Non Repetitive surge peak on-state current
versus number of cycles.
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Fig.6 : RMS on-state current versus case temperature.
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Fig.8 : Relative variation of gate trigger current and
holding current versus junction temperature.
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Fig.10 : Non repetitive surge peak on-state current for a
sinusoidal pulse with width : t < 10ms, and
corresponding value of [2t.
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Fig.11 : On-state characteristics (maximum values).
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PACKAGE MECHANICAL DATA
TOP3 Plastic
REF. DIMENSIONS
- H Millimeters Inches
J N ) in. ]
4, Min. | Max. | Min. | Max
'y A 15.10 | 15.50 | 0.594 | 0.611
B 20.70 | 21.10 | 0.814 | 0.831
Cc 14.30 | 15.60 | 0.561 | 0.615
B D 16.10 | 16.50 | 0.632 | 0.650
| G | 340 | - [0.133 -
H 440 | 460 | 0.173 ]| 0.182
r I 4.08 | 417 | 0.161 | 0.164
| J 145 | 1.55 | 0.057 | 0.062
P 4 c L 0.50 | 0.70 | 0.019 | 0.028
X a4 M 270 | 290 | 0.106 | 0.115
N - M L 2 N 540 | 565 | 0.212 | 0.223
1Y) P 1.20 | 1.40 | 0.047 | 0.056
Cooling method : C Recommended torque value : 0.8 m.N.
Marking : type number Maximum torqur value : 1 m.N.

Weight : 4.7 g

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsability
for the consequences of use of such information nor for any infringement of patents or other rights of third parties which may
result from its use. Nolicense is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics.
Specifications mentioned in this publication are subject to change without notice. This publication supersedes and replaces all
information previously supplied.

SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems
without express written approval of SGS-THOMSON Microelectronics.

© 1995 SGS-THOMSON Microelectronics - Printed in Italy - All rights reserved.
SGS-THOMSON Microelectronics GROUP OF COMPANIES

Australia - Brazil - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Nether-
lands - Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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(©.0) Arduino® UNO R3

Product Reference Manual
SKU: A000066

Description

The Arduino UNO R3 is the perfect board to get familiar with electronics and coding. This versatile microcontroller
is equipped with the well-known ATmega328P and the ATMega 16U2 Processor.
This board will give you a great first experience within the world of Arduino.

Target areas:

Maker, introduction, industries
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Features

= ATMega328P Processor
= Memory

= AVRCPU atupto 16 MHz
= 32KB Flash

= 2KB SRAM

= 1KB EEPROM

= Security

= Power On Reset (POR)
= Brown Qut Detection (BOD)

= Peripherals

= 2x 8-bit Timer/Counter with a dedicated period register and compare channels

= 1x 16-bit Timer/Counter with a dedicated period register, input capture and compare channels
= 1x USART with fractional baud rate generator and start-of-frame detection

= 1x controller/peripheral Serial Peripheral Interface (SPI)

= 1x Dual mode controller/peripheral 12C

= 1x Analog Comparator (AC) with a scalable reference input

= Watchdog Timer with separate on-chip oscillator

= Six PWM channels

= Interrupt and wake-up on pin change

= ATMega16U2 Processor

= 8-bit AVR® RISC-based microcontroller

= Memory

= 16 KB ISP Flash

= 512B EEPROM

= 512B SRAM

= debugWIRE interface for on-chip debugging and programming

= Power

= 2.7-5.5volts
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1 The Board

1.1 Application Examples

The UNO board is the flagship product of Arduino. Regardless if you are new to the world of electronics or will use
the UNO as a tool for education purposes or industry-related tasks.

First entry to electronics: If this is your first project within coding and electronics, get started with our most used
and documented board; Arduino UNO. It is equipped with the well-known ATmega328P processor, 14 digital
input/output pins, 6 analog inputs, USB connections, ICSP header and reset button. This board includes everything
you will need for a great first experience with Arduino.

Industry-standard development board: Using the Arduino UNO board in industries, there are a range of
companies using the UNO board as the brain for their PLC's.

Education purposes: Although the UNO board has been with us for about ten years, it is still widely used for
various education purposes and scientific projects. The board's high standard and top quality performance makes
it a great resource to capture real time from sensors and to trigger complex laboratory equipment to mention a
few examples.

oduct

= Starter Kit
= Tinkerkit Braccio Robot

= Example
ti
Recommended Operating Conditions
Symbol | Description Min Max
Conservative thermal limits for the whole board: -40 °C (-40°F) 85 °C ( 185°F)

NOTE: In extreme temperatures, EEPROM, voltage regulator, and the crystal oscillator, might not
work as expected due to the extreme temperature conditions



2.2 Power Consumption
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Symbol Description Min |Typ |Max |Unit
VINMax Maximum input voltage from VIN pad 6 - 20 \'
VUSBMax Maximum input voltage from USB connector - 5.5 \'
PMax Maximum Power Consumption - - XX mA

3 Functional Overview

3.1 Board Topology

Top view

X2
4 g =
y (-]

oo i

Board topology
Ref. |Description Ref. | Description
X1 Power jack 2.1x5.5mm U1 SPX1117M3-L-5 Regulator
X2 USB B Connector U3 ATMEGA16U2 Module
PC1 EEE-1EA470WP 25V SMD Capacitor us LMV358LIST-A.9 IC
PC2 EEE-1EA470WP 25V SMD Capacitor F1 Chip Capacitor, High Density
D1 CGRA4007-G Rectifier ICSP Pin header connector (through hole 6)
J-ZU4 | ATMEGA328P Module ICSP1 Pin header connector (through hole 6)

Y1 ECS-160-20-4X-DU Oscillator
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3.2 Processor

The Main Processor is a ATmega328P running at up tp 20 MHz. Most of its pins are connected to the external
headers, however some are reserved for internal communication with the USB Bridge coprocessor.

3.3 Power Tree

LDO ?

ATMEGAT6U2-MU(R) ]

ATMEGA328P-PU ]

KPT-2812SGC (Green LED) ]

L
L
>
5

4xKPT-2012YC (Yellow LED) ]

o]

Legend:
D Component . Power I/0 @ Conversion Type

. Max Current . Voltage Range

Pawer tree
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4 Board Operation

4.1 Getting Started - IDE

If you want to program your Arduino UNO while offline you need to install the Arduino Desktop IDE [1] To conned
the Arduino UNO to your computer, you'll need a Micro-B USB cable. This also provides power to the board, as
indicated by the LED.

4.2 Getting Started - Arduino Web Editor

All Arduino boards, including this one, work out-of-the-box on the Arduino Web Editor [2], by justinstalling a simp
plugin.

The Arduino Web Editor is hosted online, therefore it will always be up-to-date with the latest features and suppor
for all boards. Follow [3] to start coding on the browser and upload your sketches onto your board.

4.3 Getting Started - Arduino IoT Cloud

All Arduino loT enabled products are supported on Arduino loT Cloud which allows you to Log, graph and analyze
sensor data, trigger events, and automate your home or business.

4.4 Sample Sketches

Sample sketches for the Arduino XXX can be found either in the “Examples” menu in the Arduino IDE or in the
“Documentation” section of the Arduino Pro website [4]

4.5 Online Resources

Now that you have gone through the basics of what you can do with the board you can explore the endless
possibilities it provides by checking exciting projects on ProjectHub [5], the Arduino Library Reference [6] and the
online store [7] where you will be able to complement your board with sensors, actuators and more
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4.6 Board Recovery

All Arduino boards have a built-in bootloader which allows flashing the board via USB. In case a sketch locks up t!
processor and the board is not reachable anymore via USB it is possible to enter bootloader mode by double-
tapping the reset button right after power up.

5 Connector Pinouts

D19/SCL
018 /SDA
AREF

(2]
=

~D19

o L
T

LED_BUILTIN |J

TX LED |B
RX LED h




5.1 JANALOG
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Pin | Function Type Description

1 NC NC Not connected

2 IOREF IOREF Reference for digital logic V - connected to 5V
3 Reset Reset Reset

4 +3V3 Power +3V3 Power Rail

5 +5V Power +5V Power Rail

6 GND Power Ground

7 GND Power Ground

8 VIN Power Voltage Input

9 A0 Analog/GPIO Analog input 0 /GPIO

10 Al Analog/GPIO Analog input 1 /GPIO

11 A2 Analog/GFIO Analog input 2 /GPIO

12 A3 Analog/GFIO Analog input 3 /GPIO

13 A4/SDA Analog input/I2C Analog input 4/12C Data line
14 A5/SCL Analog input/I12C Analog input 5/12C Clock line

5.2 JDIGITAL

Pin Function Type Description

1 DO Digital/GPIO Digital pin 0/GPIO

2 D1 Digital/GPIO Digital pin 1/GPIO

3 D2 Digital/GPI1O Digital pin 2/GPIO

4 D3 Digital/GPIO Digital pin 3/GPIO

5 D4 Digital/GP1O Digital pin 4/GPIO

6 D5 Digital/GPIO Digital pin 5/GPIO

7 D6 Digital/GP1O Digital pin 6/GPIO

8 D7 Digital/GPI1O Digital pin 7/GPIO

9 D8 Digital/GP1O Digital pin 8/GPIO

10 D9 Digital/GP1O Digital pin 9/GP1O

11 SS Digital SPI Chip Select

12 MOSI Digital SPI1 Main Out Secondary In

13 MISO Digital SPI Main In Secondary Out

14 SCK Digital SPI serial clock output

15 GND Power Ground

16 AREF Digital Analog reference voltage

17 Ad/SD4 Digital Analog input 4/12C Data line (duplicated)
18 A5/5D5 Digital Analog input 5/12C Clock line (duplicated)




122

5.3 Mechanical Information

5.4 Board Outline & Mounting Holes

FE
4 x @126mi =3
4 x @3.20mm =i
[600mil] ___
15.24mm o
Mounting Holdg |- Vi om Top side (Scale 1:1)
N
l ®— i
E
=
N 5
? ¥
1=
=N
=E 0 [
EE
S o
S
S8

[2600mil]
66.04mm

— — - - - — = —

Board outline

6 Certifications

6.1 Declaration of Conformity CE DoC (EU)

We declare under our sole responsibility that the products above are in conformity with the essential requirements
of the following EU Directives and therefore qualify for free movement within markets comprising the European
Union (EU) and European Economic Area (EEA).

ROHS 2 Directive 2011/65/EU
Conforms to: EN50581:2012
Directive 2014/35/EU. (LVD)

EN 60950-

Conforms to: 1:2006/A11:2009/A1:2010/A12:2011/AC:2011

Directive 2004/40/EC & 2008/46/EC & 2013/35/EU,
EMF

Conforms to: EN 62311:2008
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6.2 Declaration of Conformity to EU RoHS & REACH 211 ©01/19/2021

Arduino boards are in compliance with RoHS 2 Directive 2011/65/EU of the European Parliament and RoHS 3
Directive 2015/863/EU of the Council of 4 June 2015 on the restriction of the use of certain hazardous substances in
electrical and electronic equipment.

Substance Maximum limit (ppm)
Lead (Pb) 1000
Cadmium (Cd) 100
Mercury (Hg) 1000
Hexavalent Chromium (Cré+) 1000
Poly Brominated Biphenyls (PBB) 1000
Poly Brominated Diphenyl ethers (PBDE) 1000
Bis(2-Ethylhexyl} phthalate (DEHP) 1000
Benzy! butyl phthalate (BBP) 1000
Dibutyl phthalate (DBP) 1000
Diisobutyl phthalate (DIBP) 1000

Exemptions: No exemptions are claimed.

Arduino Boards are fully compliant with the related requirements of European Union Regulation (EC) 1907 /2006
concerning the Registration, Evaluation, Authorization and Restriction of Chemicals (REACH). We declare none of
the SVHCs (https://fecha.europa.eu/web/guest/candidate-list-table), the Candidate List of Substances of Very High
Concern for authorization currently released by ECHA, is present in all products (and also package) in quantities
totaling in a concentration equal or above 0.1%. To the best of our knowledge, we also declare that our products
do not contain any of the substances listed on the "Authorization List" (Annex XIV of the REACH regulations) and
Substances of Very High Concern (SVHC) in any significant amounts as specified by the Annex XVII of Candidate list
published by ECHA (European Chemical Agency) 1907 /2006/EC.

Conflict Minerals Declaration

As a global supplier of electronic and electrical components, Arduino is aware of our obligations with regards to
laws and regulations regarding Conflict Minerals, specifically the Dodd-Frank Wall Street Reform and Consumer
Protection Act, Section 1502. Arduino does not directly source or process conflict minerals such as Tin, Tantalum,
Tungsten, or Gold. Conflict minerals are contained in our products in the form of solder, or as a componentin
metal alloys. As part of our reasonable due diligence Arduino has contacted component suppliers within our supply
chain to verify their continued compliance with the regulations. Based on the information received thus far we
declare that our products contain Conflict Minerals sourced from conflict-free areas.

Any Changes or modifications not expressly approved by the party responsible for compliance could void the user's
authority to operate the equipment.

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions:
(1) This device may not cause harmful interference
(2) this device must accept any interference received, including interference that may cause undesired operation.
FCC RF Radiation Exposure Statement:
1. This Transmitter must not be co-located or operating in conjunction with any other antenna or transmitter.
2. This equipment complies with RF radiation exposure limits set forth for an uncontrolled environment.

3. This equipment should be installed and operated with minimum distance 20cm between the radiator &
your body.
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English: User manuals for license-exempt radio apparatus shall contain the following or equivalent notice in a
conspicuous location in the user manual or alternatively on the device or both. This device complies with Industry
Canada license-exempt RSS standard(s). Operation is subject to the following two conditions:

(1) this device may not cause interference

(2) this device must accept any interference, including interference that may cause undesired operation of the
device.

French: Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de
licence. L'exploitation est autorisée aux deux conditions suivantes :

(1) I' appareil nedoit pas produire de brouillage

(2) I'utilisateur de I'appareil doit accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible
d’en compromettre le fonctionnement.

IC SAR Warning:

English This equipment should be installed and operated with minimum distance 20 cm between the radiator and
your body.

French: Lors de I installation et de I' exploitation de ce dispositif, la distance entre le radiateur et le corps est d 'au
moins 20 cm.

Important: The operating temperature of the EUT can't exceed 85°C and shouldn't be lower than -40°C.

Hereby, Arduino S.r.l. declares that this product is in compliance with essential requirements and other relevant
provisions of Directive 2014/53/EU. This product is allowed to be used in all EU member states.

ompany Information
Company name Arduino S.r.1
Company Address Via Andrea Appiani 25 20900 MONZA ltaly
aference Documentation
Reference Link
Arduino |CR https://www.arduino.cc/en/Main/Software
(Desktop)
Arduino IDE (Cloud) https://create.arduino.cc/editor
Cloud IDE Getting https://create.arduino.cc/projecthub/Arduino_Genuino/getting-started-with-arduino-
Started web-editor-4b3eda
Arduino Pro Website | https://www.arduino.cc/pro
Project Hub https://create.arduino.cc/projecthub?by=part&part_id=11332&sort=trending
Library Reference https://www.arduino.cc/reference/en/
Online Store https://store.arduino.cc/

10 Revision History
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*xx/06/2021 1 Datasheet release




WD1160/1160-B

12VDC and 24VDC Available

® Aluminum Diecasting Gearbox

@® Rolled Steel Housing Construction

® Dual Speed Design
@® Dynamically Balanced Rotor
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Performance Data at Rated 12V DC
Rated
No-Load Peak Torque L1 L2
Type Speed Current Torque
Speed N.m mm mm
pm A N.m
40 28 56 5.2 8.5
WD1160 182 225
31 24 48 7 10
40.5 28 58 6.5 10
WD1160-B 199 235
27 215 6.3 13.2 15
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® 12VDC and 24VDC Available
® Aluminum Diecasting Gearbox
® Rolled Steel Housing Construction
® Dual Speed Design
® Dynamically Balanced Rotor
.
Mechanical
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[T
Performance Data at Rated 12V DC
Rated
MNo-Load Peak Torque L1 L2
Type Speed Current Torque
Speed N.m mm mm
rpm A N.m
38 25 10 12.5 20
WD21100 2235 | 2765
25 19 57 13 20
37 25 9.7 12 20
WD21100-B 235 288
23 15 7.8 16 20
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D3150/3250

12VDC and 24VDC Available
Aluminum Diecasting Gearbox
Rolled Steel Housing Construction
Dynamically Balanced Rotor

B |
Mechanical

47

% v "}
Val's
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-

s s e, AN

0 25 85 FE5 10 1S5 1§ XS 20 225 28

M (Nm)

iz U 1 Pl M n P2 Eff

N (A%) ) W) (N.m) (rpm) W) )
No_Load 24.20 0.350 945 023 35.64 0.85 9.0
Max_Eff 24.12| 2060| 4970 $83| 2798 17.08 343
Max_Pout 24.00 4432 106 4 14.58 16.89 2579 242
Max_Torque 2381 8365 199.1 24 38 0.00 0.00 0.0
Locked_Rotor 23.81 8.365 199.1 24 38 0.00 0.00 0.0
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12VDC and 24VDC Available
@® Aluminum Diecasting Gearbox
® Rolled Steel Housing Construction

@® Dynamically Balanced Rotor
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Performance Data at Rated 24V DC
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25

0.22
978
26,62
41.61
41.61

(M)
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Mechanical
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IBT-2
HIGH CURRENT 30A
DCMOTORDRIVER

This driver uses two high current half bridge Infineon BTS 7960 chip for motor drive applications.
Interfacing to a microcontroller is made easy using this driver which features current sensing, slew rate
adjustment and protection against overn temperature, overvoltage, undern voltage, Overn current and
short circuit.
This small size driver provides a cost optimized solution for protected high current PWM motor drives.

Feature

131

Forward level or PWM signal input, active HIGH

Reverse level or PWM signal input, active HIGH

Forward drive enable input, HIGH enable, LOW Close

Reverse drive enable input, HIGH enable, LOW Close

Forward drive — side current alarm output

Reverse drive — side current alarm output

5V power input to control board

e Operating Voltage 5 to 27V (B+)
e Control motor speed by PWM up to 25 kHz.
e Motor forward and backward motion control
e Switched mode current limitation for reduced power dissipation.
e Current limitation level of 30 A Current sense capability
e  Over-temperature shut down Over-voltage lock out.
e Large size heat sink is mounted to driver.
Size: 4*5%1.2 cm.
e Weight: 66 gm.
Conexiones:
rRPwWM = IR 4m LPWM
REN = @@ |[¢&= L EN
RIS = & s 1 rRPWM
vie " @@ [*™ oo 2 LPwm
3 R_EN
4 L_EN
5 R_IS
6 LIS
7 VCC
8 GND Ground.
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Datasheet
3134 - Micro Load Cell (0-20kg) - CZL635

Contents

What do you have to know?

How does it work - For curious people
Installation

Calibration

Product Specifications

Glossary
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What do you have to know?

A load cell is a force sensing module - a carefully designed metal structure, with small elements called strain gauges
mounted in precise locations on the structure. Load cells are designed to measure a specific force, and ignore other
forces being applied. The electrical signal output by the load cell is very small and requires specialized amplification.
Fortunately, the 1046 PhidgetBridge will perform all the amplification and measurement of the electrical
output.

Load cells are designed to measure force in one direction. They will often measure force in other directions, but the
sensor sensitivity will be different, since parts of the load cell operating under compression are now in tension, and
vice versa.

How does it work - For curious people

Strain-gauge load cells convert the load acting on them into electrical signals. The measuring is done with very small
resistor patterns called strain gauges - effectively small, flexible circuit boards. The gauges are bonded onto a beam
or structural member that deforms when weight is applied, in turn deforming the strain-gauge. As the strain gauge
is deformed, it's electrical resistance changes in proportion to the load.

The changes to the circuit caused by force is much smaller than the changes caused by variation in temperature.
Higher quality load cells cancel out the effects of temperature using two techniques. By matching the expansion
rate of the strain gauge to the expansion rate of the metal it's mounted on, undue strain on the gauges can be
avoided as the load cell warms up and cools down. The most important method of temperature compensation
involves using multiple strain gauges, which all respond to the change in temperature with the same change

in resistance. Some load cell designs use gauges which are never subjected to any force, but only serve to
counterbalance the temperature effects on the gauges that measuring force. Most designs use 4 strain gauges,
some in compression, some under tension, which maximizes the sensitivity of the load cell, and automatically
cancels the effect of temperature.

Installation

This Single Point Load Cell is used in small jewelry scales and kitchen scales. It's >
mounted by bolting down the end of the load cell where the wires are attached, and =
applying force on the other end in the direction of the arrow. Where the force is .ﬁ
applied is not critical, as this load cell measures a shearing effect on the beam, not

the bending of the beam. If you mount a small platform on the load cell, as would : ’
be done in a small scale, this load cell provides accurate readings regardless of the

position of the load on the platform.



Calibration
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A simple formula is usually used to convert the measured mv/V output from the load cell to the measured force:

Measured Force = A * Measured mV/V + B (offset)
It's important to decide what unit your measured force is - grams, kilograms, pounds, etc.
This load cell has a rated output of 1.0+0.15mv/v which corresponds to the sensor’s capacity of 20kg.

To find A we use

Capacity = A * Rated Output
A = Capacity / Rated Output

A=20/1.0
A=20

Since the Offset is quite variable between individual load cells, it's necessary to calculate the offset for each sensor.
Measure the output of the load cell with no force on it and note the mv/V output measured by the PhidgetBridge.

Offset = 0 - 20 * Measured Output

Product Specifications

Mechanical

Housing Material

Aluminum Alloy

Load Cell Type Strain Gauge
Capacity 20kg
Dimensions 55.25x12.7x12.7mm

Mounting Holes

M5 (Screw Size)

Cable Length

550mm

Cable Size 30 AWG (0.2mm)
Cable - no. of leads 4

Electrical
Precision 0.05%
Rated Output 1.0£0.15 mv/V
Non-Linearity 0.05% FS
Hysteresis 0.05% FS
Non-Repeatability 0.05% FS
Creep (per 30 minutes) 0.1% FS
Temperature Effect on Zero (per 10°C) 0.05% FS
Temperature Effect on Span (per 10°C) 0.05% FS
Zero Balance +1.5% FS
Input Impedance 1130410 Ohm
Output Impedance 1000+10 Ohm
Insulation Resistance (Under 50VDC) =5000 MOhm
Excitation Voltage 5VDC
Compensated Temperature Range -10 to ~+40°C
Operating Temperature Range -20 to ~+55°C
Safe Overload 120% Capacity

Ultimate Overload

150% Capacity
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Glossary

Capacity
The maximum load the load cell is designed to measure within its specifications.

Creep
The change in sensor output occurring over 30 minutes, while under load at or near capacity and with all environmental
conditions and other variables remaining constant.

FULL SCALE or FS

Used to qualify error - FULL SCALE is the change in output when the sensor is fully loaded. If a particular error (for
example, Non-Linearity) is expressed as 0.1% F.S., and the output is 1.0mV/V, the maximum non-linearity that will
be seen over the operating range of the sensor will be 0.001 mV/V. An important distinction is that this error doesn't
have to only occur at the maximum load. If you are operating the sensor at a maximum of 10% of capacity, for this
example, the non-linearity would still be 0.001mV/V, or 1% of the operating range that you are actually using.

Hysteresis

If a force equal to 50% of capacity is applied to a load cell which has been at no load, a given output will be measured.
The same load cell is at full capacity, and some of the force is removed, resulting in the load cell operating at 50%
capacity. The difference in output between the two test scenarios is called hysteresis.

Excitation Voltage
Specifies the voltage that can be applied to the power/ground terminals on the load cell. In practice, if you are
using the load cell with the PhidgetBridge, you don't have to worry about this spec.

Input Impedance

Determines the power that will be consumed by the load cell. The lower this number is, the more current will
be required, and the more heating will occur when the load cell is powered. In very noisy environments, a lower
input impedance will reduce the effect of Electromagnetic interference on long wires between the load cell and
PhidgetBridge.

Insulation Resistance

The electrical resistance measured between the metal structure of the load cell, and the wiring. The practical result
of this is the metal structure of the load cells should not be energized with a voltage, particularly higher voltages, as
it can arc into the PhidgetBridge. Commonly the load cell and the metal framework it is part of will be grounded to
earth or to your system ground.

Maximum Overload
The maximum load which can be applied without producing a structural failure.

Non-Linearity

Ideally, the output of the sensor will be perfectly linear, and a simple 2-point calibration will exactly describe the
behaviour of the sensor at other loads. In practice, the sensor is not perfect, and Non-linearity describes the maximum
deviation from the linear curve. Theoretically, if a more complex calibration is used, some of the non-linearity can be
calibrated out, but this will require a very high accuracy calibration with multiple points.

Non-Repeatability
The maximum difference the sensor will report when exactly the same weight is applied, at the same temperature,
over multiple test runs.

Operating Temperature
The extremes of ambient temperature within which the load cell will operate without permanent adverse change to
any of its performance characteristics.

Output Impedance

Roughly corresponds to the input impedance. If the Output Impedance is very high, measuring the bridge will distort
the results. The PhidgetBridge carefully buffers the signals coming from the load cell, so in practice this is not a
concern.

Rated Output

Is the difference in the output of the sensor between when it is fully loaded to its rated capacity, and when it's
unloaded. Effectively, it's how sensitive the sensor is, and corresponds to the gain calculated when calibrating the
sensor. More expensive sensors have an exact rated output based on an individual calibration done at the factory.
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Safe Overload
The maximum axial load which can be applied without producing a permanent shift in performance characteristics
beyond those specified.

Compensated Temperature

The range of temperature over which the load cell is compensated to maintain output and zero balance within specified
limits.

Temperature Effect on Span

Span is also called rated output. This value is the change in output due to a change in ambient temperature. It is
measured over 10 degree C temperature interval.

Temperature Effect on Zero
The change in zero balance due to a change in ambient temperature. This value is measured over 10 degree C
temperature interval.

Zero Balance

Zero Balance defines the maximum difference between the +/- output wires when no load is applied. Realistically,
each sensor will be individually calibrated, at least for the output when no load is applied. Zero Balance is more of a
concern if the load cell is being interfaced to an amplification circuit - the PhidgetBridge can easily handle enormous
differences between +/-. If the difference is very large, the PhidgetBridge will not be able to use the higher Gain
settings.
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HX711

24-Bit Analog-to-Digital Converter (ADC) for Weigh Scales

DESCRIPTION

Based on Avia Semiconductor’s patented
technology, HX711 1s a precision 24-bit analog-
to-digital converter (ADC) designed for weigh
scales and industrial control applications to
interface directly with a bridge sensor.

The input multiplexer selects either Channel A
or B differential mput to the low-noise
programmable gain amplifier (PGA). Channel A
can be programmed with a gain of 128 or 64,
corresponding to a full-scale differential input
voltage of £20mV or #40mV respectively, when
a 5V supply 1s connected to AVDD analog power
supply pin. Channel B has a fixed gain of 32. On-
chip power supply regulator eliminates the need
for an external supply regulator to provide analog
power for the ADC and the sensor. Clock input is
flexible. It can be from an external clock source, a
crystal, or the on-chip oscillator that does not
require any external component. On-chip power-
on-reset circuitry simplifies digital interface
initialization.

There 1s no programming needed for the
internal registers. All controls to the HX711 are
through the pins.

FEATURES
» Two selectable differential input channels

* On-chip active low noise PGA with selectable gain
of 32, 64 and 128

* On-chip power supply regulator for load-cell and
ADC analog power supply

* On-chip oscillator requiring no external
component with optional external crystal

* On-chip power-on-reset

* Simple digital control and serial interface:
pin-driven controls, no programming needed

* Selectable 10SPS or 80SPS output data rate

* Simultaneous 50 and 60Hz supply rejection

* Current consumption including on-chip analog
power supply regulator:

normal operation < 1.5mA, power down < luA
* Operation supply voltage range: 2.6 ~ 5.5V
+ Operation temperature range: -40 ~ +85°C
* 16 pin SOP-16 package

APPLICATIONS
* Weigh Scales

* Industrial Process Control

Vavon SR550 A Vsue 2 755V
1 Rz R1
10uF
Load cell @ VFB BASE ] VSUP DVDD
Ty i~ AVDD
. i I Analog Supply Regulator |
! DOUT
i : — — To/From
1 0 Digital PD_SCK MOU
= y Input 24hit TA Interface f4— _F—— e
MUX ADC
PGA ] J
Gain = 32, 64, 128 +— :I%;
Internal
Bandgap Reference Oscillator HX711

t o

iA(}ND

i)ﬂ U xo

Fig. 1 Typical weigh scale application block diagram



Pin Description

Regulator Power

Regulator Control Output

Analog Power

Regulator Control Input

Analog Ground
Reference Bypass

Ch. A Negative Input

Ch. A Positive Input

VSUP ] 1 * 16 [ DVDD Digital Power

BASE [ 2 15 | RATE  Output Data Rate Control Input
AVDD [ 3 14 [ X1 Crystal 'O and External Clock Input
VFB [ 4 13 [ XO Crystal VO
AGND [ 5 12 [ DOUT  Secrial Data Output

VBG ] 6 11 [ PD_SCK Power Down and Serial Clock Input
INNA [ 7 10 [ INPB Ch. B Positive Input

INPA [ & 9 [ INNB  Ch. B Negative Input

SOP-16L Package
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Pin# | Name Function Description
1 VSUP |Power Regulator supply: 2.7 ~ 5.5V
2 BASE |Analog Output [Regulator control output (NC when not used)
3 AVDD Power Analog supply: 2.6 ~ 5.5V
4 VFB  |Analog Input |[Regulator control input (connect to AGND when not used)
5 AGND |Ground Analog Ground
6 VBG |Analog Output [Reference bypass output
7 INA- |Analog Input |Channel A negative input
8 INA+ |Analog Input |Channel A positive input
9 INB- |Analog Input |Channel B negative input
10 INB+ |Analog Input |Channel B positive input
11 |PD SCK [Digital Input  |Power down control (high active) and serial clock input
12 DOUT |Digital Output |Serial data output
13 XO  |Digital VO Crystal 1/O (NC when not used)
14 Xl  [Digital Input  |Crystal /O or external clock input, 0: use on-chip oscillator
15 RATE |Digital Input  |Output data rate control, 0: 10Hz; 1: 80Hz
16 DVDD |Power Digital supply: 2.6 ~ 5.5V

Table 1 Pin Description



KEY ELECTRICAL CHARACTERISTICS
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Parameter Notes MIN TYP MAX |UNIT
Full scale differential
input range V(inp)-V(inn) +0.5(AVDD/GAIN)
Common mode input AGND+1.2 AVDD-1.3
Internal Oscillator, RATE =0 10 Hz
Internal Oscillator, RATE =
DVDD 80
Output data rate Crystal or external clock,
RATE =0 £,/1,105,920
Crystal or external clock,
RATE = DVDD £.,/138,240
Output data coding 2°s complement 800000 TFFFFF | HEX
.. & |IRATE=0 400 ms
Output settling time
RATE = DVDD 50
Input offset drift ain Sl 02 mV
Gain = 64 0.4
, Gain = 128, RATE=0 50 nV(rms)
Input noise
Gain = 128, RATE=DVDD 90
e Input offset (Gain= 128) V/°C
Temperature drift = - : | 2
Gain (Gain = 128) £5 ppm/ T
Input common mode
rejection Gain = 128, RATE=0 100 dB
Power supply rejection  |Gain = 128, RATE =10 100 dB
Reference bypass
(Vpg) 1.25 v
Crystal or external clock
frequency 1 11.0592 20 MHz
) DVDD 2.6 5.5 v
Power supply veltage
AVDD, VSUP 2.6 5.5
,"ImaIOgl supply current Normal 1400 A
(including regulator)
Power down 0.3
o Normal 100 HA
Digital supply current
Power down 0.2

(1) Settling time refers to the time from power up, reset, input channel change and gain change

to valid stable output data.

Table 2 Key Electrical Characteristics



Analog Inputs

Channel A differential input is designed to
interface  directly with a bridge sensor’s
differential output. It can be programmed with a
gain of 128 or 64. The large gains are needed to
accommodate the small output signal from the
sensor. When 5V supply is used at the AVDD pin,
these gains correspond to a full-scale differential
input voltage of £20mV or +40mV respectively.

Channel B differential input has a fixed gain of
32. The full-scale input voltage range 1s +80mV,
when 5V supply 1s used at the AVDD pin.

Power Supply Options

Digital power supply (DVDD) should be the
same power supply as the MCU power supply.

When using internal analog supply regulator,
the dropout voltage of the regulator depends on
the external transistor used. The output voltage 1s
equal to Vaypp=Vpg*(R1+R2)/R2 (Fig.1). This
voltage should be designed with a minimum of
100mV below VSUP voltage.

If the on-chip analog supply regulator is not
used, the VSUP pin should be connected to either
AVDD or DVDD, depending on which voltage 1s
higher. Pin VFB should be connected to Ground
and pin BASE becomes NC. The external 0.1uF
bypass capacitor shown on Fig. 1 at the VBG
output pin is then not needed.

Clock Source Options

By connecting pin XI to Ground, the on-chip
oscillator 1s activated. The nominal output data
rate when using the internal oscillator 1s 10

(RATE=0) or 80SPS (RATE=1).

If accurate output data rate 1s needed, crystal or
external reference clock can be used. A crystal
can be directly connected across XI and XO pins.
An external clock can be connected to XI pin,
through a 20pF ac coupled capacitor. This
external clock is not required to be a square wave.
It can come directly from the crystal output pin of
the MCU chip, with amplitude as low as 150 mV.

When using a crystal or an external clock, the
internal oscillator is automatically powered down.
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Qutput Data Rate and Format

When using the on-chip oscillator, output data
rate is typically 10 (RATE=0) or 80SPS
(RATE=1).

When using external clock or erystal, output
data rate is directly proportional to the clock or
crystal frequency. Using 11.0592MHz clock or
crystal results in an accurate 10 (RTE=0) or
80SPS (RATE=1) output data rate.

The output 24 bits of data is in 2°s complement
format. When input differential signal goes out of
the 24-bit range, the output data will be saturated
at 800000h (MIN) or 7FFFFFh (MAX), until the

mnput signal comes back to the input range.

Serial Interface
Pin PD_SCK and DOUT are used for data

retrieval, input selection, gain selection and power
down controls.

When output data is not ready for retrieval,
digital output pin DOUT is high. Seral clock
input PD SCK should be low. When DOUT goes
to low, it indicates data 1s ready for retrieval. By
applying 25~27 positive clock pulses at the
PD SCK pin, data 1s shifted out from the DOUT
output pin. Each PD_SCK pulse shifts out one bit,
starting with the MSB bit first, until all 24 bits are
shifted out. The 25™ pulse at PD_SCK input will
pull DOUT pin back to high (Fig.2).

Input and gain selection are controlled by the
number of the mput PD _SCK pulses (Table 3).
PD SCK clock pulses should not be less than 25
or more than 27 within one conversion period, to
avoid causing serial communication error.

PD_SCK Pulses c:lls]l]:ll:liel Gain
25 A 128
26 B 32
27 A 64

Table 3 Input Channel and Gain Selection



Current Output Data

¥ Ome conversion period
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Fig.2 Data output, input and gain selection timing and control

Symbol Note MIN | TYP | MAX | Unit
T, DOUT falling edge to PD_SCK rising edge 0.1 us
T, |PD SCK rising edge to DOUT data ready 0.1 us
T, |PD SCK high time 0.2 1 50 us
T, |PD SCK low time 0.2 1 us

Reset and Power-Down

When chip is powered up, on-chip power on
rest circuitry will reset the chip.

Pin PD_SCK input is used to power down the
HX711. When PD _SCK Input is low, chip is in
normal working mode.

Power down:

PD_SCK E

=¥ Pawer down Normal
e
h

s

Fig.3 Power down control

When PD_SCK pin changes from low to high
and stays at high for longer than 60ps, HX711
enters power down mode (Fig.3). When internal
regulator 1s used for HX711 and the external
transducer, both HX711 and the transducer will be
powered down. When PD SCK returns to low,

chip will return back to the setup conditions
before power down and enter normal operation

mode.

If PD_SCK pulse number is changed during
the current conversion period, power down should
be executed after current conversion period is
completed. This is to ensure that the change 1s
saved. When chip returns back to normal
operation from power down, it will return to the
set up conditions of the last change.

Application Example

Fig.1 is a typical weigh scale application using
HX711. It uses on-chip oscillator (XI=0), 10Hz
output data rate (RATE=0). A Single power
supply (2.7—5.5V) comes directly from MCU
power supply. Channel B can be used for battery
level detection. The related circuitry is not shown

on Fig. 1.
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Reference PCB Board (Single Layer)
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R HX711

Fig.5 Reference PCB board layout
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Reference Driver (Assembly)

S——————— e
Call from ASM: LCALL  ReaAD
Call from C: extern unsigned long ReadAD(void):
unsigned long data:
data=ReadAD() ;
e/
PUBLIC ReadAD
HXT11ROM segment code
rseg HX711ROM
shit ADDO = P1.5;
shit ADSK = P0.0;
S —————
OUT: R4, R5, R6, RT R7=>LSB
————————— —-— ——————————e
ReadAD:
CLR ADSK //AD Enable (PD SCK set low)
SETB  ADDO //Enable 51CPU 1/0
IB ADDO, $ //AD conversion completed?
MOV R4, #24
ShiftOut:
SETB  ADSK //PD_SCK set high (positive pulse)
NOP
CLR  ADSK //PD_SCK set low
MOV C, ADDO //read on bit
XCH A R7 //move data
RLC A
XCH A, RT
XCH A, R6
RLC A
XCH A, R6
XCH A, RS
RLC A
XCH AR5
DINZ R4, ShiftOut //moved 24BIT?
SETB  ADSK
NOP
CLR ADSK
RET

END
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Reference Driver (C)

e

shit  ADDO = P1°5;
shit  ADSK = P0O'0;
unsigned long ReadCount (void) {
unsigned long Count;
unsigned char 1:
ADDO=1;
ADSK=0;
Count=0;
while (ADDO) ;
for (i=0;i<24;i++){
ADSK=1;
Count=Count<<1;
ADSK=0;
if (ADDO) Count++;

1
I

ADSK=1:

Count=Count 0x800000;
ADSK=0:
return(Count} ;

Package Dimensions

s ml% B R

Typ Unit: mm

SOP-16L Package

Revision History

revision | record

1.0 initial version

2.0 change “Reset and Power-Down”
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Cold-Junction-Compensated K-Thermocouple-
to-Digital Converter (0°C to +1024°C)

General Description Features

The MAXB675 performs cold-junction compensation + Direct Digital Conversion of Type -K
and digitizes the signal from a type-K thermocouple. Thermocouple Output

The data is output in a 12-bit resolution, SPI™-compati-
ble, read-only format. 4+ Cold-Junction Compensation

This converter resolves temperatures to 0.25°C, allows + Simple SPI-Compatible Serial Interface
readings as high as +1024°C, and exhibits thermocou- "

ple accuracy of BLSBs for temperatures ranging from ¢ 12-Blt, 0.25°C Resolution
0°C to +700°C. + Open Thermocouple Detection

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

SL99XVIN

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAXE675ISA -20°C to +85°C 850
Applications Pin Configuration
Industrial TOP VIEW
Appliances
HVAC .
Automotive oo [1] 8] nc.
1= MAAM [7] o0
] MAX8675 o
T+ [3] 5] T8
vee [4] 5] scx
SO
SPl is a tradernark of Motorola, Inc.

Typical Application Circuit

Voo

0.1pF

MAXIMN

MAXBE7S .
GND MICROCONTROLLER

BBHC11AB
= S0 MIS0

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

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Vcc to GND) ...
S0, SCK, C5, T-, T+ to GND .

SO Current ......

ESD Protection (Human Body
Continuous Power Dissipation (Ta = +70°C)

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

odel)

ceveeee 203V 10 +6V

-20°C to +85°C

Storage Temperature Range ...
Junction Temperature ...............
SO Package
Vapor Phase (60s) . .....
Infrared (15s8) ........
Lead Temperature (sol

iaerir1g, 108) ...

....-85°C to +150°C
. +150°C

..+215°C
...+220°C
... +300°C

Stresses beyond those listed under “Absolute Maxirmum Ratings” may cause permanent damage o 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 maximurm rating conditions for extended periods may affect device reliabifity.

ELECTRICAL CHARACTERISTICS

(Vcc = +3.0V to +5.8V, 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) Voo = +5V -6 +6
TTHERMOCOUPLE = 0°C to Vec = +3.3V 8 +8
Temperature Error +700°C, Ta= +25°C (Note 2) | Veo = +5V -9 +9 LSB
TTHERMOCOUPLE = +700°C Vee = +3.3V -17 +17
to +1000°C, Ta=+25°C
(Mote 2) Voo = +8V -18 +19
Thermocouple Conversion 10.25 LV/LSB
Constant
Cold-Junction Ta =-20°C to +85°C | Vcc = +3.3V -3.0 +3.0 oC
Compensation Error (Note 2) vee = 45V 30 +30
Resolution 0.25 °C
Thermocouple Input &0 kO
Impedance
Supply Voltage Vce 3.0 55 v
Supply Current Icc 0.7 1.5 mA
Power-On Reset Threshold Ve rising 1 2 25 W
Power-On Reset Hysteresis 50 my
Conversion Time (Note 2) 017 0.22 E
SERIAL INTERFACE
0.3x
Input Low Voltage VL W
P g Ve
. 0.7 x
Input High Veltage V) v
P g g H vee
Input Leakage Current ILEAK, Vin = GND or VCc 5 pA
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)
(Voo = +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
. _ Vee -

Output High Voltage Vou lsourcE = 1.6mA 04 v
Output Low Voltage VoL Iging = 1.6mA 0.4 W
TIMING
Serial Clock Frequency facL 4.3 MHz
SCK Pulse High Width tcH 100 ns
SCK Pulse Low Width tcL 100 ns
CSB Fall to SCK Rise tcss CpL = 10pF 100 ns
CSB Fall to Output Enable tow CL = 10pF 100 ns
CSB Rise to Output Disable TR CL = 10pF 100 ns
SCK Fall to Output Data
Valid tDo CL = 10pF 100 ns

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

OUTPUT CODE ERROR
vs. AMBIENT TEMPERATURE
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Pin Description

PIN NAME FUNCTION
1 GND Ground
Alumel Lead of Type-K Thermocouple.
2 T- Should be connected to ground
externally.
3 T+ Chromel Lead of Type-K Thermocouple
4 V. Positive Supply. Bypass with a 0.1pF
€C | capacitor to GND.
5 SCK Serial Clock Input
—= | Chip Select. Set CS low to enable the
6 Cs A
serial interface.
7 S0 Serial Data QOutput
8 N.C. | No Connection

Detailed Description

The MAXE675 is a sophisticated thermocouple-to-digi-
tal converter with a built-in 12-bit analog-to-digital con-
verter (ADC). The MAXB675 also contains cold-junction
compensation sensing and correction, a digital con-
troller, an SPl-compatible interface, and associated
control logic.

The MAXB675 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 MAX6B675 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 (MAXB675 ambient temperature) and
a 0°C virtual reference. For a type-K thermocouple, the
voltage changes by 41pV/°C, which approximates the
thermocouple characteristic with the following linear
equation:

Vour = (41uV / °C) x (TR - TamB)
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Where:
Vourt is the thermocouple output voltage (pV).

TR is the temperature of the remote thermocouple junc-
tion (°C).
Tamg 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 MAXB675 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 MAXE675 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 MAXB675 is achieved
when the thermocouple cold junction and the MAX6675
are at the same temperature. Avoid placing heat-gener-
ating devices or components 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.



Applications Information

Serial Interface
The Typical Application Circuit shows the MAXB675
interfaced with a microcontroller. In this example, the
MAXBE75 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 MAXE675 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 MAXB675 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 MAXE675 in some applications. The
magnitude of the temperature errors depends on the
thermal conductivity of the MAXB675 package, the
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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.

« |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.

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

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

« Avoid steep temperature gradients.

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

« 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.

« 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

=

o

SCK

S0 0o
015 o

Figure 1a. Serial Interface Protocol
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Figura 1b. Sarial Interface Timing
DUMMY 12-BIT THERMOCOUPLE| DEVICE
BIT SIGN BIT TEMPERATURE READING INPUT ID STATE
Bit 15 14 | 13|12 | 1 10 9 8 7 5] 5 4 3 2 1 0
Three-
0 MSB LSB 0 state

Figure 2. 50 Output
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Package Information

RO AARM
N

—

EH
O AN ﬂ
ggfd B0 H
D f 0°-8°
A T e
e B—-”-— A1 EC L——I |——
INCHES _ |MILLIMETERS INCHES _ |MILLIMETERS
MIN |MAX | MIN | MAX MIN [MAX [ MIN [MAX | N _[NSO2
A[0.053]0.069] 1.35[1.75 D]0.189[0.197 | 4.80/5.00 |8 | A
A1[0.004 [0.010 | 0.10 [0.25 D[0.337]0.344] 855/8.75 14| B
B|0.014 [0.019 | 0.35]0.49 D]0.386]0.394] 9.80[10.00[16] C
C [0.007 [0.010 | 0.19 [0.25
e 0.050 P2 NIIITE'S
E (0150 [0.157 | 3.80|4.00 DAE DO NOT INCLUDE MOLD FLASH
ozzs[0zaaSealesn] | * ML Fmsos iy
h|0.010 [0.020] 0.25]0.50 . LEADS (TEIAB'E COPLANAR WITHIN
L [0.016 [0.050 | 0.40[1.27 CONTROLLING DIMENSION: MILLIMETER

. MEETS JEDEC MSDI2-XX AS SHOWN
IN ABOVE TABLE
N = NUMBER OF PINS

A [PACKAGE. FAMILY DUTLINE: SDIC 150') 1 [21-0041 A

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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LCD-020N004L

www.vishay.com Vlshay
20 x 4 Character LCD
FEATURES
* Type: Character
* Display format: 20 x 4 characters Fu-rv
L L L = Built-in controller: ST 7066 (or equivalent) RoHS
i * Duty cycle: 1/16 COMPLIANT
x * 5 x 8 dots includes cursor

+ 5V power supply (also available for + 3 V)
LED can be driven by pin 1, pin 2, pin 15, pin 16 or A and K
MN.V. optional for + 3 V power supply

ke £
* Material categorization: For definitions of compliance
please see www.vishay.com/doc?99912
MECHANICAL DATA ABSOLUTE MAXIMUM RATINGS
ITEM STANDARD VALUE UNIT STANDARD VALUE
ITEM SYMBOL UNIT
Module Dimension 146.0 x 62.5 MIN. TYP. MAX.
Viewing Area 123.5x 43.0 Power Supply | VoptoVss | -0.3 - 7.0 v
Dot Size 092x1.10 M Input Voltage Vi -0.3 - Voo
Dot Pitch 0.98x 1.16 Note
Mounting Hole 139.0x 55.5 * Vee=0V,Vpp=50V
Character Size 4.84x9.22
ELECTRICAL CHARACTERISTICS
STANDARD VALUE
ITEM SYMBOL CONDITION UNIT
MIN. TYP. MAX.
inout il g Vop=+5V 47 5.0 5.3 v
rpuL gl gae 2 Vop=+3V 27 3.0 5.3
Supply Current oo Vpp=+5V - 8.0 10.0 mA
-20°C 5.0 51 5.7
Recommended LC Driving 0°c 4.6 4.8 5.2
Voltage for Normal Temperature Voo to Vp 25°C 4.1 4.5 4.7 v
Version Module 50 °C 3.0 4.2 45
70°C 3.7 3.9 4.3
LED Forward Voltage Ve 25°C - 4.2 4.6 v
LED Forward Current Ie 25°C - 540 1080 mA
EL Power Supply Current leL VgL = 110 Vag, 400 Hz - - 5.0 mA
OPTIONS
PROCESS COLOR BACKLIGHT
STN STN STN FSTN STN
™ Gray Yellow Blue B&W Color Mane y EL CCFL
X X X X X X X X
For detailed information, please see the “Product Numbering System” document.
DISPLAY CHARACTER ADDRESS CODE
Display Position
1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20
DD RAM Address 00|01 |02|03|04|05|06 |07 |08|09|0A|0B|0OC]|O0D|OE]|OF 10| 1 12 [ 13
DD RAM Address 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 |48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F | 50 | 51 52 | 53
DD RAM Address 14 |15 |16 |17 |18 (19 [1A |1B [1C | 1D | 1E | 1F | 20 | 21 22 | 23 | 24 | 25 | 26 | 27
DD RAM Address 54 | 55 | 56 |57 | 58 | 59 |5A | 5B |5C | 5D | 5E | 5F | 60 | &1 62 | 63 | 64 | 65 | 66 | 67
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INTERFACE PIN FUNCTION

PIN NO. SYMBOL FUNCTION
1 Vas Ground
2 Voo +3Vor+5V
3 Va Contrast adjustment
4 RS H/L register select signal
5 RW H/L read/write signal
6 E H — L enable signal
7 DBO H/L data bus line
8 DB1 H/L data bus line
9 DB2 H/L data bus line
10 DB3 H/L data bus line
11 DB4 H/L data bus line
12 DBS H/L data bus line
13 DB6 H/L data bus line
14 DB?Y H/L data bus line
15 A Power supply for LED (4.2 V)
16 K Power supply for B/L (0V)
17 NC/Vee NC or negative voltage output
18 NC NC connection
DIMENSIONS in millimeters
6.0
0% 4.84

o|o ]
gd 2 i
1 L]
146005 ﬂ
6.0 134.0 00000
11.25 123.5 (VA) Dot Size
13.58 118.84 (AA)
) 180 43.18 (P2.54 x 17) 13.6 Max. 10,1 Max.
| 2 18x @ 1.0 PTH R
gs|e 20 Lo 2 s KL EL
— e ] | | |
$ | u|
i JOO0OC | | .
) = & ] =
HREEP INEEENEN
wl 8] o Q ol 1T e T [#= w0
o (3]
HNEP HHOUOL |
HOUOOOE HREEE
L L & u| Sils]
z | 320{ 16 16
- - 4x02.5PTH LED B/L EL or NO BIL
3.50 139.0 4x050PTH
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Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay"), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (jii) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of typical
requirements that are often placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. It is the customer's responsibility to validate that a particular product
with the properties described in the product specification is suitable for use in a particular application. Parameters provided in
datasheets and / or specifications may vary in different applications and performance may vary over time. All operating
parameters, including typical parameters, must be validated for each customer application by the customer's technical experts.
Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase, including but not limited
to the warranty expressed therein.

Hyperlinks included in this datasheet may direct users to third-party websites. These links are provided as a convenience and
for informational purposes only. Inclusion of these hyperlinks does not constitute an endorsement or an approval by Vishay of
any of the products, services or opinions of the corporation, organization or individual associated with the third-party website.
Vishay disclaims any and all liability and bears no responsibility for the accuracy, legality or content of the third-party website
or for that of subsequent links.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk. Please
contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for such applications.

Mo license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document or by
any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.
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