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Abstract

This report-is prepared to study temperature control for use in electronic
project courses. This reduces the time for processing black garlic because fresh garlic
processing to black garlic requires proper temperature and humidity control In order
to shorten the processing time, manufacturers are interested in controlling the
temperature in order to get the temperature that is best suited for processing black
garlic, and it takes less time than the current processing method by electric rice

cookers.

From the black garlic processing experiment, it was found that the main
factor in the processing of ton garlic into black garlic The main factors are heat and
the amount of garlic tone used in one processing cycle. Because the size of the black
garlic processing tank is 6 liters and can hold 4 kg of garlic, it is necessary to

distribute the heat inside the tank.

Electronic experiments have shown that circuits and devices can work
efficiently. In terms of processing black garlic, it can be done quickly in just 7 days
using 90 degrees heat baking, 4 kg of garlic because it is high temperature baking and

has a large amount of garlic, it can react well.
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au wgnuUdsuduansiinei uararliifindugu Seagldun arsvssneufuediufiazansluth
zilnuandilunisiediueyyadase anAaolsamesealusianiy Waza1501M158u 7
UINNINNTLTPUUNADNUINNTE UALLNISYINN T ENA19E A9l TIaNUINNDENATT 0199
s g uasldgunsaifianmisemlsmelutuegunislivsienstmagldinawssua 2
Aoy winnvisnendefldlunsynnsefisuslnoenzazldinalszaina 15-20 Su Tnoas

Iansziiensh 2 an. wwidaiulguiluazaulalunisviduyssunssifisusiianisausu

a r-ﬂ,ll « aal o a o o/ 6
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1 I (J = d‘ o M v a o 1 dy
fapspgasy AumMYaINTBENALanseiienanndslilawlssusinemnsnwiolul

A157991 1.1 MITNAULANANNTOIATNINIATUINT (1]

A15979173 nIELBEn PRIVt Vol
WAIIU(Kcal/100g) 138 2271
L5 8.4% 9.1%
Tadiu 0.1% 0.3%
Aslulalnsa 28.7 47.0%
S-allyl-cysteine(SAC) 23.7 pg/s 194.3 ug/g
Y-glutamy!-S-allylcysteine 748.7 pg/e 248.7 pe/g
#13nay Flavonoids 3.22 mg rutin equivalent/g \isTU 4.77 wh
@13nau Polyphenols 13.91 mg gallic acid \isTU 4.19 i

equivalent/g




1.2 IngUszaeAnIsIY

1.2.1 Lﬁaamzaznaﬂumﬂt,ﬂigﬂﬂimﬁﬂmﬁ
1.2.2 \ieliiuyarveenseiitey
1.2.3 Lﬁaﬁﬂmmimmuqmmﬁ

1.2.4 wgihumlaainnisudsunssiiudunliusslen

1.3 YaULUALATINU

1.3.1 ldvueadauusgurnnanug 6 dns annsaudssunseiieulanssag 4 an.

1.3.2 in3esanunsalsuanuseulagamgilanaud 30°-100° (USurnuazidenass

1.3.3 inthasuansgamginiglunile

1.3.4 aunsavinsiuiinss e ld

1.3.5 naaesvihnsanszerlunisussulsiléunniiae
1.3.6 1n3psannsaliauliase

Aao [l

1.3.7 landndauaainnisuusgulaenanmvessdndaeiviniunddnmieluioswans

1.4 Uszleminanainazlasu

1.4.1 l§RnwinspauataSouLazAN T

1.4.2 la@nwmannnisvieuvemitiae TFT

1.4.3 lodnwnsuisgunssiisnlvinatedunseiiieus

1.4.4 lefnwn1svinauvesleanannsiad (Solid state relay)

1.4.5 ol mandnsiainnisuusuunsiogenla

1.5 unaULazI oAU

1.5.1 Anwmdeya

1.5.2 sanuuulasiasnavesiauwlsgy

1.5.3 §amgunsaiuasmie Tandmsudmintuay
1.5.4 noaoadoulsunsuiieldammiiee TFT
1.5.5 napinsmuaNANLSoumelasdnannsiad

1.5.6 N9ABINITNTINIUANUSDUN S IUNLDUVD I UDT

a

1.5.7 naaesmaamgiianunsaanssuzialunisuussulaniign
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28I INITABLUIU

JURDUNITAWLUIIU

AUY8Y

ENTRIGH Aa1PN | NeFRNNeY | SUIAN

1. ANIURlATIULAY

Y L@UD91N5INUINEN

2. Anwtoya

3. 9ONLUULATIAST

4. amagunsal

5. neasadsuluswnsuialy

UNLIRe TFT

6. mmaaamimuqumm%'au
e Tempereture

Controller

7. 19aBIN1SNTIVIUAIIY

Soumelundavaswueas

8. U aUsANUAIMTLIILAA

a el'
bIYUN 1




a 5 o a ) =
A19719% 1.3 Tupoun1sALIUlATIIUAATIUN 2

28I INITABLUIU

JURDUNITAWLUIIU

1NIIAY s | 4 WWEU | WewnAu

1. NARBIMUMANNANTD

U

anszezialunsuUssules

q‘
nan

2. WWHUBLUUNAADY

3. UNAUBLATINY

1.6 TAs9a519v09U3 g inus
unit 1 luuniindrafsarnafuninasaudadyvesla s aauganane
IgUsTasA Yaunn1sAnsnlunisvinau waglassadavesuSyaaanus
unfl 2 Tuumerwidagnanimouinguifideatestuiueuuasgunsaif danu
Aeadosiulaseaudl
unil 3 Tuumanutiagndniisnisesnuuuresilassnudulssunssdious Toas
Usgneulushenseenuuulasiaiisvesdiaeios nsesnuuunsynueslusunsy
unil 4 TuundaznaisiBnmeassuasnamsnanoinsulssy uazgumndfildly
nsudsgUnsELisy
Uil 5 iuuwﬁazﬂdwaﬁqmiaqﬂmamimam Hymuarguassaiinuiaelunisvi

lasanuiUssunseiieusn uazUalauauuy



una 2

CAURERLEE

Tasenudaudsgunsedisud dunsihmsudssunssiedlinanadunssifiensun
Anwndfiuifiofiozanszezinailunisulszy msviilassuildianuuasinuediy
didnnsedndunltlumsmuaueamgiiviennufeulufaudssuiieszmanmaifvszay
fumavnssdisauarldinantesiign lnsnismueaunnudeuiiusndudesdnunisie
9991914 glu 87133(Arduino UNO R3) uazlednamviad(Solid state relay) titevanldly
Tassanu waedsllinnsBeuldndielduniiee TFT(Thinfilm transister) Wiouansgamgdl

meludalssy

2.1 91l 813 3 (Arduino UNO R3) [2]

vesnlilasreulnsaiaes 019l gl 9193 Wululaseoulnsalaesilafuanuien
Snuesanils eswinisien liuns Fsdvnglusinanazlausidaig 9 Imﬁﬁmm?ﬁumgﬂ
SraBaifuvesaihfuvdn iszlu auiefivanedunsSusuniadous Arduino Ssuaiaang

T gl 2153lagnimunTun faws R2, R3 wazdisudulediduuuy SMD fygud 2.1

sU# 2.1 919l 813 3



2.1.1 aautfvasangli gl 133

1. 919l gl an939eldledlulasmoulnsaiaes ATmega32s

2.0190  glu o153z lduseruluiindeledlulasnoulnsaians
ATmega328 A1 5 1ad

3. Inausssulnideuiivesalulasroulnsaaes 919l glu 8133 agluyas
7-12 Tan

4. 0glu gl enFaziineinAineadunauaziondnn (Digital VO) 3113 14
Wasn (I PWM output 371UU 6 Wosn)

5. finosnoundendunm (Analog Input) THavin 6 wosn

6. amnsadenszudlniilulsaznesala 40 Tadueud (MA)

7. annsadnenseualniilunese 3.3 v 9eldgean 50 Sadueud (mA)

[ '
A I

8. TNuNMU18ANUIUsHATY 32 Alabusd (KB)

D

9. fftufimhemusitansauuy SRAM 2 Alalus (kB)
10. fifufiviheanusiasuuu EEPROM 1 Alalus (kB)
11. Tdanuddygrauiing 16 wnzidsead (MHz)

2.1.2 ¥128A1UI

lulaspoulnsalans ATmega328 aglduuioanudnuuunaslidnnsunns
FaAululusunsuiifiouin 32 Alalud @Enheanudlddmiunsynaun 0.5
Alalus) Tnsasfiniioanusithngy auafnusu(SRAM) wuan 2 Alalud wasdl
wihwANTInIshuudsnSeu (EEPROM) wun 1 Alalud
2.1.3 BuWALAZLENA (Input and Output)

Tnevasalulnsroulnsaiaes englu gl 0193 Ot dnesnAinoationun 14 11
annsaduldtmesndunavioiondng Tagldiladdu pinMode 0, digitalwrite (
way digitalRead () uiazuvieufinssdiu 5 Taad aunsateniesunseualniiile
a9an 40 faduonduarddslivihiifivaudald fduniudeuuunasuagnieluiia
ALY 20 - 50 Alaleviu uenaIniudr viamesn

“wesn 1 un TX laaglfifunefndedynnndomsuuveynsy

§ v o a

- wesn 2 wag 3 wluneinsudunaduneisniaieuen (Interrupts)
wasnwatannsaiuaA s Ud iy adndwmaglaviawuuaeings aedndn vise
a
WUUBU 9
- wasn 3, 5, 6, 9, 10 waz 11 andunesndsdyyiaiodnsuuy PWM
YR 8 UM

-wasm 10, 11, 12 wag 13 azdunasadnanswuy SPI



- wesn 13 andunesanldmuruueadinfnnivuueiadion 13 91g

L@W@W@ﬁ@ﬁ]ﬂ “1” Mlioadan G]ﬁ’JNLLﬁ”LﬂJ@R]’]EJaQ‘\]ﬂ “0” QgyinliLeadAnu

2.2 w1l (TFT:Thin film transister) [3]
wihsefienilnensuiamesfiifiduunsiivsduasdedu adeuta nmeuenas an
\nFeuMeLHUTIALU1Y Yadlavedaneunsenaiadn singnirluldeiuninae weadf(LCD)
gosausnliy ieduiwadvesusadfesnun sonwuuiuiuiidusuinlnganelud
n3udawesvuadnuasiuiudsey lutagiuniaewuy AMOLED uwazntinee weads

dulngjariiawesLayerninmefilonfiiiudulsznou

Polarizing  Diffusors & LED backlight
film Lightguides  (Direct/ Edge)

g Lol

Front layer with
contrast coating

1pxel [0

Polarizing Colour Liquid Cystals
film filters (the "LC" in LCD)

g‘ll‘ﬁ 2.2 v teNA(Thin-film transister)
(17im:https://www.thaimobilecenter.com/content/smartphone—display-explained.asp)
2.2.1 uaalinuiiansnd (Active matrix)
woAtiWudANINg - ﬁwLﬂusxuuﬁiﬂumsmmmqmﬁﬂLe'uaEiaa(subpixel) RGN
nsudameslunnagyauasduiuyszy (Wuluniasiiteni) azdielunisauay
wseulduslugranniuuasiinsivasuutasnszualiidnimeluladuuy passive-

matrix ({Houriusvessenaninandnealutagiudunuy woaiinudnn3nd)



2.2.2 Madnudan3nd (Passive matrix)
wadnudion3nd: szdumeluladvismuauussiulniivesusaz yaiinia
gouregULuunsNnissuhevesianazdudednilnih liresnuiiumealulagil

ldfursueadadagduiduioninsaveininaeiiienitlagnasnnuazinmuaing

JU

2.3 W1LRsINNa8 (Power supply) [4]

HRIneTTwNaeewAIsveadss LudiudiAglunisyvaureunieseiy

\Foandoenisusesiuliess (DO) luldnwiaidulnidesliiunianigg veunseswensldesle

Maule aneaelniuinuievatednyus Na183ULUY 118393 TUANANNNY LAFIT
wisloufumsurtnivlasimasanglnadulinduwnasanelnnss

2.3.1 299N TNNANY VLA VDIABUNALUUAITHUU OCL

sUN 2.3 1asmnneidwnaienldanuiuriinvesmeunamunisuuy OCL

(w1 https://www.rannotebook.com/product/1660/)

NNIUT 2.3 Iruannasvesmnesdmaeiildiuiusiinvesneumaunizuuy
OCL usesulwadu 220 VAC Yeurdwsinuaing s1 1drgnifeudassnuvaugugi ilona
g 51 azfnnsmileahussfulwosnufivsanniogd 23 VAC uardsriudngrsasuuy
v3nd IalonuUasmnussdulnadulidunssiulinssdrsoonudl 3 dauuvuuan (+) nsnd

(GND) au () Tngdsinudnisasnsosdygraldiniulszgaiadaninslafinuuin 3300 pF /



35 Visussiulnasasuiseudneeane dnnil 303uuuuan (+) n3199 (GND) au () 249958

gunsal Jesiudunsenensaziintufedhd Josduanlwiidniees
2.3.2 2995NLIITNNANE Y LAVBIADUN AN UATTUU OTL

ATNIIDSTNNAA LTI UN U TAADUNALLUATWUU OTL wsanuln d@du 220 VAC

s v 1 4

JUNUNNUAIND LA TE LNEnsl

Y

auUawinuauguail Wenaaing S1 azifin n1swileni

a

wsssiulneenuuanRegdl 35 VAC uavdiniugasuuuuind taleawdadlil adulidu

U

w5 UINASI9N88DNUNT 2 TIUUUIN (+) N51I9 (GND) A9HIULU19950584 fagun 2.4

D,-D; = 1NA0OS

~ar

2200 yF
EC V

FUN 2.4 393N TENNALYTATDIPBUNGLIUAITHUY OTL

(#lan: https.//www.rannotebook.com/product/1660/ )

9n3U7 2.4 dygralddinnuissquiiadidniaslafinuuin 2200 pF / 50 vig

wsssulnnsIsusEuTIEean widnaian +48 VDC wasiiaunsailesiudunsienaziinty

a

Aofd Joaiulnindnieas
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S o < 4

2.3.3 29931 D TTNNAIBLUULINNLALADS
TS TNaeRuUSNQawes wisdulnaduidiuilaunainys nide
wUasualnm Alifiuividumes (CT) inudigreasuuuuiad laloawdasusenulyl

adul 1 Juuseiulnnssdneeanund 2 43 wuuuIn (+) N57136 (GND) flegud 2.5

A 51 o D,-D, = 1NG004

+12V

N

| 78L1
tC - G -

()

|

I
m

D. fl\ . P
oy ‘ 1000 pF/25v| 0.1 pF 0.1 pF

~
G

a % < ¢
EU‘W 2.5 'Nf\]'ﬁLW'nL?@i%WW@WSLLUULiﬂQLaW}@i

(‘ﬁm:https://www.rannotebook.com/product/l660/)

A =y I s o v a v Y

INFUT 2.5 IATNWIBITNNAWUUUE NLaLneT wssdulnaduiidaunlaun

nya niouwlasualiilifiuiividuenes (CT) iudhgrasuuuuind laleauuas

wserulwaduly i Wuussiulinssangesnand 2 97 wuuuan (+) n3136 (GND) deeinu

Wsasnsesdyaald fMidulszguiedidnlasladnauin 1,000 pF/25 v 14

Ws9AUlATITIUTBUTIERENNINYY 1 904 IC tWes 78L12 vinlvussnulinssnionnun

91 3 Ty 12 VDC mnupsuaudBves wues IC 78L12 wsadulnilaiunsadluly
dy a a s % s % o 4
1893995380993, 299 3MRAY, 295U wagasaslesiu d1lnald

2.3.4 19ssRsdnNatewuuLEnnanasing

x> I3 ' ) o a v 9]

TR TNaneuuLSNaES g wiadulaaundnn svaunsaly

Irlnddigavnlnsuiulundoudasialvgiiieiasmiiesiednnviosadinstin

laiflanl dulundeulasieraiundonlasiadns Useunm 800 mA fis 1 A 11w

Tuuviuly ndouvas Aldfedidunesuniy (CT) Inoussiulnaduiisveanndoulas

Hudngaeasuindlalen wlas wssiulnadulnduussiulnnsednesenundl 3 43 d

=

UN 3.6

ND
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D,-D, = 1NA004
IC,
PO 1 3 +12v
220 V, vy 78L12
) ) J_* 1 ¢ -
L~ T 2 T G
15V, 1000F/25v 01 0.1 F
3A ov
S E S 1
G~ T = C
1000p:F/25v 0.1pF - 0.1pF
79L12 |- .
1 3 2

JUN 2.6 sasmnbiesdnatsuuusnnamesig

(1'7;31'1:https://wwvv.rannotebook.com/product/l660/)

31N3UN 2.6 VIMUUYIN (+) N30 (GND) - @y () deIutn 39930309

Faadlddaiudszgriedianiaslafinvuin 1,000 pF/25 v loussdulings

SAULSHUIERANUINTT 1 V09 ICTLUas 78112 vinlinssnulnmssnaanuivn 3 Tl
Wi +12 VDC daunsssulndnmiunilsazatodne 1 ¥a4 IC 2 wes 79012 Fady
wsesuls@nau virlsssulnnsaiaanuivn 3 Alwindu -12 VDC wserulnianunse

Uldldae019957y Tnes,1995Wnaw,295U5knu waraavsdasiuaingla

<

2.3.5 2925 N0 5 INWALASBIVLNULFLIINAF

Ei]
(3

Iz 4{' a o Y v =
WATNIIDIYNWNANULATDIVENYLFEIINAN G %1“(1‘1/11J@LL1J@<‘1‘?J‘1J’1® 10 A3 15

Y

A ¥IANSARLULTUIUALIIUIU 2 1 TnevsianUatisazsvinnisisnanenielalen

a & v = ¢ ] A a v X o d'
U3Ina LLa'JQNGUU']‘NI'JﬁVI VI + LA VI — LW@LWNﬂi%LLﬁi?ﬂJFL‘WEﬁQTU @I\‘]E‘UVI 2.7
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3 . 60 Vi T,-T, . 60V,  15A
15A 1= A D,-D, . BR5002/20 a /200 v
o—o‘\p—o/o—< r
#VCC
220V, | ' o | v G
“T> 10000 pF 7> 10000 pF
100 V 100 VGND
T
_: C5 _.—+ Cd
rans T~
10000 pF 10000 F
oy 100 V 100 V
NCC
60 Ve

15A

JUN 2.7 3B nIesdnnangineseeidesindse

(Fia: https://www.rannotebook.com/product/1660/ )

4
2.4 gninas(Heater)
803 (Heater) Ao gunsaloilildnelulssaugaannssu Tnaaziuiudiuie

PN AMELURALUNSIAAIIUSDU NENNISYINIUVBIENMBS LTINS nTewa i saluda

q

L4

v o o & o b4 a £ % N0 [ 1
fthiluade ((iduniu R) lagagilialainaiiuseu wrasdigliaanaiiagaiunse
Felulafiunsadun 220 VAC uag 380VAC lagnannisiinanuvesdaneslulainaiugeen
Fudouunn dldnudsannsaldldediasain fwdidulelmifazaunsadalandnnislalu
] P < Y £ o o2 X Y g
srevlianau aeiuaswiuliilulatu mulssuenamnssaztgunsaituiiinldiudy
o A ! £ A R ) sl U o
waunn liigawanigldanuniiewindy wssluguniainiisanign aursadeiivun
LazgUNTIlanIuseIns waudsseuinandeanslase [5]
2.4.189uUsEnaUnANYaENARS
Lavmuandi@eueenlad (MgO) agiluauiunesnuuuandmnsuldidusn
Jasfiunegneuen fnuaudilunisdinnuiounauinuazA1nmtInigei 39gn
o Y v o ! a s | LY &
anldiludinuseninedamesd ain wavUasnlang lagavtiedeiun1siives
nszuabiinfionaunanandamesiudmlaneiuuen uwiegslsinudandesiufe
& oav v a X [ ] ! o = a <
AugunldasiiAnduneluawiy ldwutuaianudiliihazasdu 919zl

v gj ada U !
BURATIYRTUUN LWT]%Q%UU'Jﬁﬂ@QﬂULLﬁSLLfgﬂfULLUUQ']EJG] (6]
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2. aumulad (Stainless) ﬁaa";uﬂizﬂauﬁgﬂﬁmﬂﬂﬁummﬁm%mL@@% QN
wissenifunannvanesiindaeiu nadonusasadinaldan Afeduogifunmaut
fidosnissnetuly Tnsudsdosaaniu

-Stainless 304 %Lﬁué’m%"umﬂ%ﬂmwuﬁﬁaqmmz%ugﬂﬁm%’mw
anuss Inefinuauiidesiuatulmiuegned

Stainless 316 Qﬂmé‘mﬁumWLﬁaiﬁiﬁ’ﬁm%’Uﬂaaﬁuaﬁmlé’aEi'mﬁ
UsgAvEnmann whunsldnunelulssaugeamnssuminuazaniuiigiannandy
NIALAYAN9EY DE1LTU NELA

-Stainless 430 %ﬁd'sumamaﬂmLﬁamas;jﬁgwmﬁq 100% laglanng
mMaAnadaiefisusuauauiaaiuss 300 fed1sinin Fedendunldiuaunnues
ey

3. a1nSmes (Heater) — 3undnod1931a9n Nikrothal 80 Wse R8O Fail
daulszneuvesiifany 80 salasiiiey 20 AuandRnAanua1uIsalunIINuse

gaungiaslan 1,400 asmwaifed Asun 2.8

5UN 2.8 angnines

(fia: https://www.circlesign.net/15231165)

2.4.2 USeLNNUa9annas

[

L5EUNs L UIUTELANYRITRmasaantalu 14 Uszian lesiail

a & vV ga/ IS
FALADIANUIYLAN
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JUN 2.9 Fawmasauing el

(fia: https://www.circlesign.net/15231165)

2n3U7 2.9 Bmesduheuedagiililidmivduniefumouvaildifounn
UsskomitlivihunTerduaunuiaa 316 (SUS 316) iuth videtdunaszsldgu vie
a1 voaaiwiiatuldvannnats nishassanmsavildlasdoundeduiifeiy
faudlasones wundontnlu leflassassvosdnmesasauuiuiuds ansas
se¥dliliduvesdnmesluaiuresvaiiesanazyiliidmieginieveanaiiou
Fouru Tuilvongmslinudu uanilelinmuounssneids msfadsluinnoy
VBUNAIAIUANUGIY
gamasaansuiues (Hot runner Heater)
Sonetoeniued Ao Snmeiiliiunseenuuulimnyauiuvievhin Adnfu

WUAUW WA8NANUSBULADEALLALDLAZ IV TNLADS

5U# 2.10 Bawmasaaniuiues (Hot runner Heater)

(fiun: https://www.circlesign.net/15231165)

= = s ) s A o sav vo v
Q’]ﬂgﬂ'ﬂ 2.10 F0LM39MNIULUDT AD 8@]L@]@§W1ﬂi‘Uﬂ'}3@@ﬂLLUUIWL‘W&H%E‘“&I

[y 1 v a i [y =

fUnean NRANULLALN o emANusaulfagsalauakasNviadnLnes 5
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LMD3 TR TN IMULANAUNMUAAINNTTUNAIEAN, LATEIRANAIARN hazi
WANERN ANUITDAMMUATUIAAINANNABINISLA

1. w51iAdnmas (Ceramic Band Heater)

P

a s

Aednmainlviausoulaas wazdaiiavnunzdmiuiaIes@anatain 7

a

doensldangiias uasldnoenlunaiuiug

9 Y

JUN 2.11 w51agames (Ceramic Band Heater)
(#7: https://www.circlesign.net/15231165)
A 14 o a ¥ Y
1n3UN 2.11 Tassadreviannieside engnislidauuiu Yasady @a1uise
AVUAYUIAININANABINT JUTI wazdnwaen1sldY mileudnnassavia ua
Fawmasiwsia Iauminnd viegamaligendiuin
2. Saumosuyie (Cartridge heater)
A < o | 1 o Y 1 ia ¢ & < I
AogamaTnltlunisgu warlvinuSeulviunusiiiud, Jusumdn, nunis,
= a 3 = ] a o o ! Q{ = v H 5]
\ATRIININes, nTesingenatain uenantlfeaunsathunldindes ieauduall

I =) Y a 4 !
naluvie w3enala Balmesuyia

QS’\\

g‘d‘ﬁ 2.12 Fnmasuiie (Cartridge heater)

(fian: https://www.circlesign.net/15231165)
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o

91n3U7 2.12 anansawdaldesn 1u 2 wuu fe ledndiauda (High watt

= s

density) tazladinAauds (Low Watt Density) Aulneiiandus a1 dainosuns

wuulawnu, Famasurwuuladnu

= s

3. Fnweiu-gnwmesauu (Immersion Heater)

1
= 1 o w 1

ABnmasTlYliAINTOUAUTDIAY LU FUWT %39 U UNNUYDLMAIAINY

3

NURBNISAANTDUVBIETY N1TAARIEIUITTN A LAETRLLNAEITleRATUNILA bE

Famasiuunagndn lulnefgamaseuIuiunugs

sU# 2.13 Fnnosgu-gnwasauui (Immersion Heater)

(fisin: https://www.circlesign.net/15231165)

[
[

a a = ' ° Y a ¢
UM 2.13 VUINYBUNFYIVLTUBYNUIIUIULEUVRITALADS AIUATY
WLNZANVDINAINNG LATAINULIUBITALNDT

Famasdunsa(nfrared Heater)

a = th IS

A a sag Y 1 1 v 1o a =
Ao Smmﬂim‘ﬁﬂﬂﬁ\l?u@nqmiau%UULLNiQﬂ ﬁ]ﬂﬂﬂi%ﬁﬂﬁﬂq‘wqq llﬂ'l']ﬁJQQJJLﬁEJ

A1 wazUsendaln Ingazarunsalviausouingladaieluiwiliussndaaaila
wazdianunsaununUssgnaldeuluauouniigg i oud, uaaines, n1l, wWan
Wusiiy, 8Wend ldduugraimnssunaadn eunatadnligeudineuinluin

(%
(Y

i Tanwaziluvienaudunsdiviade (wsndn) v (Winenen) Aeguil 2.14
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31Jﬁ 2.14 amosBunsalnfrared Heater)
(fla: https://www.circlesign.net/15231165)

4. FaLmasueiu (Strip Heater)

) s

Ao Bnwmesnilassaiauuuiieriuiudamessaviaunsunssasidugy

o

WiAgLRSa MSeAwdeNuR wsngdmsulviauSeuiuudfiun a1unsassyia

q

AN

N

anfaInIsla SIUNIANNET, wIeeY, Mavind Idlianuseuiuingiaseu tngld

o)

a

Tiednlvwiulaenslddennion1ssa degun 2.15

B 4 79

~

SU# 2.15 Bamasusiu (Strip Heaten)

ian: https://www.circlesign.net/15231165)

93Ul 2.15 Sapiithainanansaidenldi auswaa uae 98 nisdalild
fagenany, $allen, W uazeonuan
Bnmosusudu (Bobbin Heater)

Ao Balmesuuuiuianis gnesnuvulianuioudvresnalaiusa
wndoudhelding Mlianuouriuvesnar Wusuyu vuwrlunss visaisazane

o

A [d ¢ o [ A [ 1 a v o v = v
EW]‘V]Q%LU‘LM’TJ’EJVI"ZIE‘T]M?Uﬂiﬂ‘ifiiaﬂﬁiﬁﬁa’]ﬂﬂﬂﬂit”J‘uWLﬂ@LLﬁ%SQUWIUI‘UQHM?@G}N

v
o IS

gl way vasvaniouynaila linnuseuasnaltaue ldvinufisnduaisad

WNaunnUseian fagui 2.16
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$Uf 2.16 Bmmesuauiiu (Bobbin Heater)
(fha: https://www.circlesign.net/15231165)
5. nwmesvienay / Sawmesidu / Bawmesiiayans (Tubular Heater)
smmosldlirudeuldiuonnia uazvosman wazldlimnudeutuin 1wy
gy ey wazdilddmiuauiidesnisliaudeulunisou 1wy oud, eu
Fuaueglnasneud, aularuty, euledn, suwlfius, sunatadin, eueiwis W

A dTanlidenmuanumaneyesu aagun 2.17

b/
Z O
CZ

JUN 2.17 Bawmesrienau / Banesidu / amesiiayans (Tubular Heater)

(fian: https://www.circlesign.net/15231165)
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6. wesAstudames (Circulation Heater)
goiatudnmesilunsonhnnudoussuunyudou Nldun, Ui, ay,
<@ [ Y 2/ £ L b4 14 [2] ' 1
wha WWusmanufeuldly wasdslvirmuseuvesvad uasfinaneluvie Tdaumu

waRuAMFliANuToumiaNe AagUn 2.18

g‘lﬁi 2.18 L%@%@Li%ugmmai‘ (Circulation Heater)
(§ian: https://www.circlesign.net/15231165)

7. AREasmLmas (Coil Heater)

& faly) ¥ o ) v Y ° v gy v

Wudamasnitdmsuliainusauluaniemunzdrmsuldanulumiauls
AMUSAUNUTUIU @NUITOINIUURUIUAUAINS DU Wi Ceramic Fiber 130
Ceramic Support Heater aanuuuvalavilvignasazyiilviongnisidauuiumn

Fu_fagui 2.19

=

—~

sUT 2.19 Aeeddniaes (Coil Heater)

(fha: https://www.circlesign.net/15231165)
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8. nimasinvie (Band Heater)

JuBawesilddmiunislviarudeuiiuvie viie dmssnszuen 19y 1aTesdn
wanainazlsinsnevausafovasiuiilneildnugivgaglisuay linuieunas
dwhunnufeuldiiiu nudensuueuresmsdunmanaiin vdetandug fegu
i 2.20

gﬂﬁ 2.20 8amasinvie (Band Heater)
ﬁmmqgﬂ https://www.circlesign.net/15231165

0. Famasou - el / Sameiemen

fio Sumesilldsu vie duveuvan tenailianuieunsiiasiauelivh
UfAzenfuansiaiinnussammngdmivlflunugaamnssuiediinen fifinnseu vie
Tianudeusvarsiadl wuumendldguvioduvennas wuthenaildnnuia
WUUALS LA I%Quw%aéfmmmmﬁmﬁwﬁulﬁwmmﬁm WU N3, 819UER0Y fa3Y
7l 2.21

5U# 2.21 Fawmasau - authenall / Banasaiedy

(fiun: https://www.circlesign.net/15231165)
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2.5 19Ua3NTIVINUNYH

mManTaingamgildsuiuy madsuilaseauussiulnihandygyaeuiden

g dyayrauainea Ineduiusivgaugi Tsuwuulng 9 ves lwuwes egmeriu 3 sUkuy

Y

Ao
2.5.1 wasluduita (Thermocouple) [7]

I

Ao gunsalTngamiilaglivdnnisildsundasgamgiiilunsaniaulii

Y
o A 1 a

yMuantanegs I NAesiany 2 67 U LFeusaUaleedndnnieiu NUateniu

#ia 15und1 "eeaungdl” dwlaednaunilalaeailaly 15un31 "YR91989" ¥nd

Y

ingamgiuazyndsdaigamalisnsiunvzyilifinsuinssua daguin 2.22

{’7'— o
"

- '

gﬂﬁ 2.22 L‘zjuLGUEJ%m’Jﬁ]’qf@qm%Qﬁ (Temperature Sensor)

(fian: http://eakkaphop0140.blogspot.com/p/blog-page 29.html)

2.5.2 wuwa%qmwgﬁm'méhumu (Resistance Temperature Detector:RTD)

P~ v @ ¢

A dugetgunginldvannisiuasuiUasainuduniuvedlany @

[ (%

A1ANAIUNIUAINAI AN 1Mo T AUATUNIUYRlans MILLTL

! U a Q‘ { a a o L a
3071 “duuszAnsniswasuwlasamaiivuuuan” deudluldlunisingum

[ A o

f
Y
Tuz19 270 to 850 °C. YaaniuunlFazidulansNiANUAIUNIUINNIZHT LU

q

WA, Vieaey wag dnifia fegun 2.23 (8]
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a

gﬂﬁ 2.23 L%uwa%qmmummﬁmmu (Resistance Temperature Detector:RTD)
(Fian: http://eakkaphop0140.blogspot.com/p/blog-page_29.html

2.5.3 Masillanas (Thermistor)

Hu gunsainnudumueiafiannsodsudeadunudeldduainy
Sou lagiiAranudumuaziddsuuvasuuvliifudadu fugumad wadu 2
anuale fie

- Positive Temperature Comitial (PTC) \Ju $iafiunRaziiAiny
druyush Wisldsuamusounsyhlidsenuiumugatumudidugamnd thlld
psRaeusERUALSu ievilR AR LSeuTuilaruatnsTeussu Wiy
PPN LU 29ITENAUINRLIMEN Sl uTRve S essulnsiad (Degaussing coil)
Dusiu

- Negative Temperature Comitial (NTC) 1Juviln Funfaziiny
fumugadeldfuanudeu manuiumuazias ausunisaseaeuaiy
Youilomuanszdun e 1wy Tusesveneidesidlinsaduanuouiiinan
msvhauudideunduluan nmaviauvesisasiitdesas iiegunsaindnezlsiiin

AuFousnnIuAull falisun 2.24
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L9 N
- - L
»
¢ N
= ° R.
B
t &
-
2
t '
o — r —
—. . o (N
‘o Comp
¢ e | !
N R——
S Sensor
¢ . . 1
LN “e

Bridge-Nulling A/D Converter

SUT 2.24 2asudadyanueudendufinea
(fiu: http://eakkaphop0140.blogspot.com/p/blog-page 29.html)

2.6 @muLag (Stainless) [9]
A A Ay va < | aa wa P ) | < Y
ALAULAE AD GU'E]VlﬂLGULTEJﬂﬂJ@\‘]L“VTaﬂﬂﬁj‘lﬁ/]llQmﬁm‘Uﬁﬂ'ﬂﬂJﬁWUVHUﬂqﬁﬂ@ﬂi@u (Lrannan

15aiiy) lneflasfisunanegdudiunaustiadoy 10.5% Feagiminilunisasisiladiunge

3 a ]

‘é’ d‘ U 1 ¥ a b‘d’( v ¥ 14 a A o dy
Yuieun1sinnseu tagavasisiladvulnlaies ovnnRiaugniadiu viate uenainil

Y

o

afinsifusIarandue wu dnifa WavAty lnvlley eiuauA1unIu039n15ia

va a

nsou IvvzdTuAmandRnIeNaineIns BeaslisivaziBeaiaiuiednuaudu gAY

VDIAUAUAARIFUN 2.25

Ndﬁ Y

JUN 2.25 aunuaa

(Fu: https://www.vrh.co.th/index.php/th/product/what is_stainless)
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2.6.1. MUMUABNIAANTOU
ARUAAYNATENANUNIUADNTAANTBU WidzkandafuluauaIuNaNYDY
Tanz 1wy insaftilavesaulsigeanusadumunsianseuluusseinaialy Tuvae
finsafiilavenaugazanansadununmsinnieulunsa fs asazans usseInie
arelsdldieurianun
2.6.2. ATWFTUMURBgAIMATIg LAz AAiAY
AluaaUINIAAINTaNUANNTe ULz Y TuansiUAsugamal
lngdunaulad uwazimepuandiiaylunsuuln ilvsinsiamuaaluldly
RAAMNTTUYUES enamnIsuUlnsialiogaunsvany
2.6.3. fgfan1susenay vvauyssy
ainuadlngauisadn ey anudmiena mﬂ%ugﬂ ﬁugﬂguﬁﬂﬁdw

AU AENUR wagdnuaesine vesanuaatisliinanaunTndawnuaaly

Y

=

Usznauiuiandus) laig
2.6.4. ANUNUNIY
AALURAUBNUSEN1INTIveaMILAaADANULTINTIVIUNIY ALALLAEEN
N <Y vy & < gy A 5w
wsainaNuualamenstuguiu daldiiesaniuuan lnganannumun dmdn
uagsian awuaauinnsnedldiulunnuanudounasdinsanununiugs
2.6.5. ANUELY
MmgUNSIEENURINva na1e UL UURaIey vhanuazealaig
Jagtuawmuaaddlidonuinunesienssuisyuindeuianidlnin awnsavilvanu
aa a & a a S o o 4 A ¥ 1% 1
Wwadlindnes useud W Ry wagddn iliansadenyszendldamuadaliogng
UINIY
2.6.6. ANUUABANBUATQNE VAN B
mshanuazen nMsguasnu anuaaaziianudunasadaligedusa
09 Wumeraddyanuaagniunldlulsmenua wisnsh dulnsuinisuas
AUNFYNTTYU LHDIINANUNUNIY ABINITNNTALATNEURY UazAnldanedLile
= = Y v v ¢ A @ v = v
Wiguiguiuszeziiamslden msldgunsalinsasafawmuaaludiusouly
AnusanterNUasnfeundly uazuenantlamueadiseysnyduindoune

a1unsavnduan e ludiieau 100 Wasigusd
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2.7 Tw@nawmnsiad (Solid state relay) [10]
Taenslasiaddulnanunfonaazdidymmuumaise) 0814 WU Msnszanveelng
Jusssiinlunauauesd dyaiusuniu fe ludaamniiad wuiAnd1Any Ae 1dlvswen
BTAG1600 unusiad goutuuiandt vnauluanuiage 0a wasnunszuaduieniusiad
vl dauled MOC3041 WuleTmuaunsvhauvesinsueadniinila fulvisng Aauaull

a9 () Tl é’l’agﬂﬁ 2.26

5UN 2.26 ladnawiiay

(#17: http://www.inno-ins.com/911124/)

SR Aestadnlulanindusan delanaluladuad Semiconductor ¥ililaidl
X2 a P A oA a EA. A a ¢ Y v w a
JUAIUNLARBUN LNBAMLAYISUNIUNLAATUINNILATLUUNLUFUNA wazLny
Yszansnlunnslanussezen

lo@anannstad (Solid state Relay) Lﬁuqﬂﬂiiﬁm%ﬁauﬁi@ (Interface)
sEudnenIaauAN(Control) FadudauitasBiannsetind Aulsasnialniifiigds
(Power) 1a891A1AN9a099¢ A58 UUNTIIM (Ground) NLan®anNaNAUN AEILITH
JpIiuN15a972935 (Short circuit) wazn1ssunIuTINULaiule

lnolodndansiad e1vdelaindudsussivgnoanuuuuiieldunuens

e & Ny A A ~ A & oA

113853188 (Armature Relay) wadlUafuinninfe Jawianannan danulalunis

M9UgenI1 wazdiengnisyineuuIunIeagun 2.27 [11]

_—— - —— - - T e e G i 0
1

| Asmatore Relay — :r Solid State Relay
] 1
! | 10 ne, ' P 1
D | (} ! AC Power B PSP
| Input, cirenit
1
1

Input ' - -- =
1

5UN 2.27 29a3mssialdaukuunugIuves Amature relay waz Solid state relay

(fian: http://www.inno-ins.com/911124/)
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2.7.1 wuuAliidugud (Non Zero Crossing Type ) [12]

Vi TLP3021 3022 3023

47

—1—AAA ) e »> O 1 Load } —
: 247 A\
YA / { () AC125V
/| 00334 T
PR - .
— a7
~ Y _ _ _3 Power Phase Control

6

JUM 2.28 aerUsznevlarasiugIuedlednampsiaduuunlidugue
(#17: http://www.inno-ins.com/911124/)

n3UTN 2.28 aziiudn lwdaawmesiaduuuanbiluguiiiosduszneuiidn

26

[

Y

o

fi® Photo Couple , Main Triac , Snuber circuit N15919IUVDI1ITEINTA5U LA

a

90 namigURdudaazuswliinfigasng 9 Tusasningud 3 Fanszualylih

I U

uazLsauinnasoulnanazUsingiud
229

v
Conwrol -..gmeJ_l ____________ I 'I ______

~DPAALAR

JUN 2.29 sUnRudyaamansn1svihauuua i duaue

(fian: http://www.inno-ins.com/911124/)

a d' v g o
i ndyaumuauAveudluuinaegud

'
a
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2.7.2  aswuuAlugud (Zero Crossing circuit)

Viu : TLP3041 42 43

—
- r —l—0—1 Lo.m}
=47 ' 5
r ' { -IA( 125V
~0 033y T
g -

i ! Low Interference Noise

gﬂﬁ 2.30 ’Nf\]iwumumm loaAAILaY WUU Zero Crossing TypeCrossing Type

1119943U http://www.inno-ins.com/911124/

v A

9Mn3U7 2.30 agiudiledaannsiadwuuil fosduseneu AiddyAe Photo

o

Couple ﬁLﬁULLUUﬁ’]L‘fJu@uﬁ Main Triac e Snuber circuit
1A8n1371191U893935a1315085 U8 bAn ATINgUAR LAY LA

wsauluinnganig 9 Tuleasmugui 9 Banseialnilinag wsaiulniiinnaseu

'
=

Tnanazlivsingiuil Adgygrunvauideudniuvinusayniasldauisgad

oo q q
¥

ws39u AC - power tugudIsaglinszualnflalvalulsasinan (Usingnisald

Y
\38n11 Zero Crossing On ) uazilledgyanariuguidowdndugudiazlisn
nszudliiinlnsasivasiuiiudsazmmizsluaufagaiiugedu AC power iugudises
d

éfmﬂizLLﬁlWﬂﬂ"Lwaimwﬂmam(ﬂﬁﬂgmimuwamﬂ Zero Crossing Off ) sle3u#

2.31[13]

-
o l | ; L. | R
Conuwol Sagnal o —— ——— — i —— .
H
|

.

“MV\/\/\f\f\/\j

Eh-hy On L‘-hv f.)ll Deslay On
o or o
Zaro Crosswng On Zawo Crossing O Laro Crossing On

ekl o

g
‘\.\} \‘\‘
sl s

JUN 2.31 gUpdudayanamananisianuiuualuegud

(fiun: http://www.inno-ins.com/911124/)
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2.8 nIEEy
nssuien Wufivayulnsnsuasndunieanasiianils Inesnldluewnswansuia
o1nslng ewnsBuie nszfienifoaiaiesdududnie nszifinvn (gassnil) nsziiiey
Fu (M, nana) Yeidn (newdos wiigosaew) venvd (gnss1ll) vieuiion (wile) saifiex
(1)
2.8. 1aNWULIMNINNBAEAS
nszifiendulsidugnuarivgionn ge 30 - 60 wu. fnduuss dalddy
[2] &nwaiznauudy Didushmguinanalszain 2- 4 vy, fusiudedvinsodiisey
Ymey 3 - 4 4u Gsaonoenld utagiadl 6 - 10 ndu nduAnanawenluresly
gou duangUadluinn Tuide) (Simple leaf) Fuunaniu Fesfouadu uuwdy
LOUKAY N3 0:5 - 2.5 93l 873 30 - 60 ¥, Uaglviauwuy Acute YaULSEULAZITY
nuidudunasnaugnvesty Tauwdduuiuasidesfndudmsuseuluiisou
naarnudensnyilmamdusrdudien vaneludideanazdavroy 9 919a9
unseviaislauly duiiviufiegiidunvievnenidien Yensnuuutedsuy (Umbel)
Usgnaumenzifivesuliidn o Sruaumneguzvufuaenauedndsiisiuautios i
Tudssulng 1 Tu 811 7.5 - 10 9w, dnwazuns Ta wiv 1luaziegunansiuyanen
vz sguey usldledenenuiilulsziuaziladesniaziosassesiutenanty
Mudenenduinulen (Seu JUNTINSEUBNGY 817 40 - 60 ¥ ABNANYTALNA NFU
5 6 ndv usnandunsedaiuiilau sUlunenUateuray 81IUsEaa 4 3. AU
yieumeumasy naswer] 6 Su Anflaundusim Suisuasiunasnadiodugumn
aundidudu 4 vesaen ¥l 3 des wiartesdiona 1 - 2 iia nadnbunseiedy
q sUlivSoreudnanay § 3 1y wiedivuiadn a0 [14]
2.8.2 nszwigulne(Thai Garlic)

¥

nsziienlne (Thai Garlic) iWuiiwayulng Wuadsanaviania daldau 13

[

N o oA o a a I3 i a a  a
ALAUDINT UMIIAYT UANWUENIINAN ) LUUT UYUIRLANNINNTEENYUIU 1y

Y
¥

a a A a 14 ¥ = 1 a = ! A aa
ndu Adendvnseuuenuiinie Psluliueniduniug venideneinnii 1iledld
A ! a a ! a o | aa o A L= IS) & aAa YK
wiiesgau Indugundt samdiand dduiilialunivedy Wuideudgniunaly
fUgnuaneanediug duseleniasinam nsemangagne deuihinusenaua sy

#1199 levanetay [15]
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SUTl 232 nsgiteslne

(fia: https://www.thai-thaifood.com/th)

N3UT 2.32 nsuiftenilng (Kra-tiem-Thai) IWufivasulng 1uiedounaeie
wis iJufivdugn Saldfu ddufanss egmiovudu fdnvaznauyna fnuly
viorulngsouasu fdvniuia flddu Wazauemis SWuden fdnvuense
nawe) wuus dvwmdnniinssiiieniu degidundu Sudendvisevusnuisuis

v I~ [ a = X Aa oA ! A a ! a & !
GU'NIUNLLEJﬂL‘UUﬂa'UG] Yanlaansnnnii LUaNEL e 98U Nﬂaugum’l FAVIALNANI

s

IS L%
NUgnuaneaeWUg

o v & Ay N g va o v A oA a Ao

a1RU L‘iJuW“UanQﬂ fu‘l/l’ﬂ,ﬁmu A1RULRYINTII QQLVT‘N@UU@U HUaNWUeNaNy1I9
)~ v o Y ax
Nﬂ']UIUW@V!ﬂJI@EJi@US]a’]mu UduuIA

= N o =3 ¥ J Y o
91N UTTUUIINKBY uaﬂwmssmmamaﬂﬂ E)E)ﬂ‘U'Nﬁ’NIG]WJ

v A

w flanu Vasaueinis Swuhen Sdnvagnssnaus wuus Svuiaan

IS !

! I a [ a = A = 4 ¥ IS [ a
NNTLLVNBUIU UoghUUNAU UURDNEVIITOUUDNUIMNS GUNITJNLLEJﬂL‘UUﬂaU"'] Uan
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1

41 oA Aa A ] N a ' a & i
Wasngnnd elidvdesseu Indugunidt sav@EanI
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9N 99NLUUYD UNIUADNNAUNAINED ‘Ua']EJﬂ']TJlIﬂ@ﬂEJ@EJLaﬂV] Uanuauesay
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1 ndupenddv A1 MieveNlid nduliedidledsesiudenant]
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redosiulsauivnnuy tedestulsausise tredeafuilasan wilsalasia
19 UT5M81N5UIANU TI18anTeAUABLAALADTDA bULADN Gu"mama'm'rﬁﬁaa@ﬂ Wi

nden ednwilsalulnsayn Peshvudeyaunsniau Tdaenes Yigannisiia

9 Y

a |

a1 faesnwilaefivids fresnuides drednwnanindeu taedestulsaiila dae
deafululududon sredesdulsanudulaiings Hredostudenduiuduay
Fretesiudenudsdia uivin uidaayn
nsugnuazveneiugnIziielny

nszifioalneduiion wigylaluduumunnuia veuAusiuge Ygnlaglivh
g 15handnly adunvasiuiiaiouly Tiszogsinstuyszanamilsdv 1aan
Usvanas 7 $u Aaeilluluatuan
nMsiuiRgranannszifisuine

sunurandnnsziieningld THuaszuna 5-6 Weou waalgnasulas neu
Fuwandn 2 dUnvh aasaelsid duneifludeuds udusaznouiuninoon ué
thanladlumuugiasels
2.8.3 n3EEaU(Chinense Garlic)

nszifivadu (Chinense Garlic) Wuitvaulng iWueiosmavianis fald
fu Wazaue s fWuden Tdnvansainan wuus Svualugninssiienlneg 3

a I

[~ = a ¥ ;%4 = [~ a = 1 1
8L JuUNAU HLUaDNAYIITBUUDNUIILIAY mﬂumwmﬂuﬂauq Uantdasnangnin

¢ el

A A A 1

a A a v ! a & v I aa o a = N 2
SYMGIYGIRNCR) uﬂau%uu@ﬂﬂ'ﬂq FAVIALNAUDYNIN NQUﬂqLUWIUWUﬂL@L%U LUUN
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1 = Y o

3. Juiinuan1svaaesnauouingEnnaLaziin SN 59uYes

RUR |

lwdawnstagadlunnsed 4.5

a

i o ° a v a ¢
19190 4.5 ﬂ’limmﬂ’liﬂﬂ\‘i’lu%mﬁwLmaimsﬂsdaﬂal,m/lil,aﬂ

gaundl | NSARNISYIngT QNVINNTEEANoUILINTAANTSYNIUY
60°C V. 61.4 °C
70°C v 70.6 °C
80°C Vv 5A2:5€
90°C v AR
100°C Vv 102.5°C

= ! a =] &l v [J v
IINNMARBININT 4.5 nuilednamvisiadinisdnnsvinanunans
Wntlesilosarnnisianufouneluduusunseiiisudntiu In1savauvesniny

Melugamiiasluandngaiinivun
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4.2 nsveaseulszunseifisunn (1 Alaniu)
Junismeaeinisudssunssiiieudlaeagldnseiioulnulunisulssy lngasd

nwurgUiadienszunsslunisussgnasdienlmilunsussunisusidiivenun 5 fuvi

MnawnuaaaLaiomsiumsuUsUemslasaziinisadsliudas fuussgnseiion

WU wagaglinmsmaassnisiiuihnseiisalasldidmsuinuiinssiisuuway dufinwain

MaUaiinaegelsiunmsuyssy

4.2.1 nMIMARBLH 6 MINAABIUSIINIETEL 1 nn. adlunivus

Tunsmnaestiasyinnismaasuanuuasnwurdwiuulsgunsefious
Tnenyugditamun 5 duagrinismaasaussanssiiouiiosduliiadonnuglae
nsziiuallidouiu ilensnszatanufeuda

1. thnsgitsalmuadeussgastumaugdmiundssunseiious

2. Manseiienlunvuglngvhalvinseieudeuvseriuiu

3. thnsefleuiiussqudandeuiminfiasfuinnivuzannsnussynasdion
IeAlalagllsinssiendouiu

4. JUANNANISNAAD AL UAIS9N 4.6

sUN 4.2 mynenseinigalunsugdmiuulsy
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M19197 4.6 N1INARRIUTIINTELTIEN 1 nn. aslunvugdmsuulsgy

Fureanaue vhvinuosnssifion
Fudi 1 200 n$al
Fudi 2 200 n%al
Fud 3 200 %
Fud a 200 n%al
Fudl 5 200 %
373 1000 n3u( 1Alansy )

4.2.2 M3NAaasH 7 MINARBIMIANNVUNINTFIUAINNT YLD

Tun1sneeesll agyhnstaiminnseiisnlnundadilainisudsgy way

= A o 1Y A o ° l & a ! ~ A
ﬂingﬂﬁmeqﬂqiLLﬂig‘U LA L‘W’e)um’lﬂ’lu’sm‘mmm’m‘nﬂuﬂigL‘VIEJ&J’NﬂizL‘VIEJ%J‘V]

Ul sUlianuTuInntosuAlny
1 vidadmidnnseiieuneuazudssy
2. hnsggunulssuudndadmin

3. VUNINNANISNAABIAILUANT NN 4.7

4. hAlnaInn13199 4.7 inAmadugnsnismeaudulinsgulen

WAZANTUNIATTIULAL gRTile

[

N




ANNFUNIRIFIULTEN ( Wet basis)

ANYULINTFIULL (Dry basis)

M, = [@]xwo

M,, =Anuaunnsg1Llen

My =ANNBUNATFIULIA

w =AU UAUVBINAR AN

d =N UAUYBINAN S U WIS

A137199 4.7 N1NABDWNANNTULATFINAINNSTIUMTNVRINTEWIY 1 NN,
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gaumilunisulssy Emﬁfﬂmmﬁsmdauwigﬂ usﬂwﬁﬂmmﬁswé’mﬂigﬂ
(nFw) (nSy)
50°C 1000 N3y 642 N3y
70°C 1000 N3u 585 N3u
90°C 1000 AW 476 N3u

4.2.3 MNAaRsN 8 NMmaasudszUnsifiBanT 1 nn. AdeANsau 50°C

lunisnasesilagyinmsnaaeunlssunseiieummenauUssunseiieusi

IneAsegaumgilin 50°C nszenildlunisudsglilunsaiiaudndunssifisulny

vanue 1 Alansu tnaldlunguydmsuuussunsefiounusun 4.2 Ingldiailunis

w33y 14 Ju lpefiunaluiug 3,6,9,12uav14 Juneun1snaaoedinad

1. WANSYINUYe AT

2. paAngaumgiliuninveditenil 50°C

3. Warlwietiunayn 3 Tuauniinszifisuaznatsanimilunseiiious

AIUNNTINAILALAN
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M13197 4.8 N1InAaaUIFUNTETiENs 1 nn. meauseu 50°C

Fud gaunilunisudsyy thuiinnssdien Hadns (5U)
1 50°C 1 Alansy
3 50°C 1 Alansy
6 50°C 1 Alansy
9 50°C 1 Alansy
12 50°C 1 Alansy
14 50°C 1 Alansy

SUR 4.3 nsuiflon 1 nnudssu(50°0) Ul 4.4 nswiiten 1 nnudauyssu(50°0)



53

4.2.4 N15NAaN 9 ﬂ"li‘l/lﬂaﬂx‘iﬂ']iLﬁU‘ijﬁQ']ﬂﬂ']iLL‘Uig‘Uﬂi%L‘ﬁﬂﬂJﬁ'] 1 nn.

Iuﬂ’li‘ﬂfﬂaaﬂﬁ%%ﬁ’lﬂ’l'ﬁLﬁUﬁ’lm'ﬁmﬂﬂ’l‘iLLﬂﬁgﬂﬂ’izLﬁEJllﬁ’]ﬁ'mﬁﬂ 1 0. lng

2 9 Ly} < Y o = ° o
NITLNUUIINNITHUTIUUY %am*ﬁaLﬂulwaaa'mﬂ'mt,ﬂigﬂﬂizmsmm 11U

o & LY a a ~ < Y A v = o [ ~ 19 ¥ i
Tuluseaiimalaieiiuilaannisuussunseiieudsnniu tielilvaiuiou

Meluds wlsguviinisseivedneanun

1. BunsuUssUnIeiigue

o [ g = [ S v o o
2. vnmsiuinseisund v lunn fuiviinsudsgy

3. JuiinraUSunaesiaeransenudsgamninngludawdssunniuaund

1

azlifinnmeluifiudinisneassadlumisnen 4.9

= [ H a o
M19199 4.9 ﬂ'ﬁ‘Vlﬂﬁ’éNﬂ’]iLﬂ‘UU’]‘\]WﬂﬂqiLLU?EUﬂi%LV]EJLIG]’] 1 nn.

$uil | it | gampinoudesh | euvpivdadash | USina (m
¥ 50°C 51.2°C LPs 5 ml
2 Flel 50.8°C 48.4°C 4 ml
3 60-C 52.4°C 20.6°C 3 ml
4 50°C 52.6°C 51.3°C 0 ml
mw‘%mm‘fwﬁlﬁmﬂmiLuJigiJ 12ml

USunauii (ml)

aaumadl 50 asr wmitin 1 Alan3y

N3N 4.1 nMsiudInn1sulsgUNsELTiEn 1 nn.aaegaunl 50 99
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4.2.5 n1svaaedi 10 nmaasaUssUnsEifieasi 1 nn. Adeausau 70°C

Iumiﬁ/lﬂaaﬂﬁﬁ]%ﬁ’m’liﬂﬂaauLLUﬁ‘gUﬂS%Lﬁﬁuﬁﬂéf’wﬁﬂLLUiEUﬂ’i%ﬁLﬁEJiJG?’]
Tnessngamnliil 70°C nsudtnldlumaussudunsaionsnfunsyfesiny
avias 1 Alandy Im&J‘Ld‘l,umﬂzjuzﬁm%’uLLUigUﬂﬁmﬁammmgUﬁ 4.2 laglgiaalunns
wUs3U 14 $u Teevfusalutudl 3,6,9,12ua¢14 Sunounisneaneddel

1 Uamsvhaureunsed

2. fernguuishunthaeiiieni 70°C

3, L?Jmml,ﬁal,ﬁuwanﬂ 3 Juauninsuiisuaznatsanndunseifeue

AUNNSINABAIBAIAILUAITIN 4.10

M19197 4.10 MsnaaewUsIUnsEifigu 1 an. meauseu 70°C

¥

ei’i] gauigilunisudsyy | dninnseiiey HATNS (5U)

1 70°C 1 Alansu
3 70°C 1 Alansy
6 N 1 Alansy
9 70°C 1 Alansu

12 70°C 1 Alansy
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SUM 4.5 nselien 1anneutdssu(7o°0) U 4.6 nsetfien 1 n.nudaudszu(70°0)

4.2.6 M3VAaasdl 11 MsnaassnisiiuinaInnisudsgunsadiensn 1 nn.

Tunsnagesiiaginisiiuinnisanmssdssunssitensiuimin 1 nn. lag

[ Y & 3 Y v = o [y
ﬂWiLﬂUUW‘ﬂ’lﬂﬂﬁ'iLLUigﬂuu %mmmLﬂulwaqmnmiuﬂigﬂmzw]smm 13U

o & v a o A g Ay ~ ° [y ~ 9 v %
ﬁﬂLﬁum@ﬂllﬂ'ﬁL‘U@L‘W@LﬂUu’]V]bL@"ﬂrlﬂﬂrﬁLLUiEUﬂSgL‘V]HNW"WJﬂ'Ju LWE]VLJJFL‘VW]'J"IN'i@u

Meludassuvinissemeuioenvan

1. SumsuUsUnseLiieusn

[J 3 H a I 5 v a0
2. vnmsnvinseisand i tlunn Junyimsudssy

3. YuiinraUSunaesdiiasnanseuseanmginglunaudssunniuaunh

Azl meluiiAuinn1snnassadlunisen 4.11

A1379% 4.11 nsnaaesnsiivaInntswUsgUnssiieudt 1 nn.

$uil | eauvinifild | qumnfinewdes | gumpivdadas | U3na (m
1 70°C 69.5°C 68.7°C 7ml
2 70°C 72.6°C 72.4°C 5ml
3 70°C 72.3°C 71.4°C 2ml
4 70°C 70.2°C 69.6°C Oml
smﬂ%mmﬁﬂﬁlﬁmﬂmsLL‘UigU 14ml
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aauugil 70 asen Uit 1 Alan3u

ns il 4.2 maivthannisudssunssdtenst 1 nfegmugd 70 aam
4.2.7 nvesedil 12 MInaasUsgunseidiaus 1 nn. faearudeu 90°C
lunsmaaastagyinsmeaeuulsgunsndumdefussunsefious
Tnesarngamnilin 90°C nsufteniildlumautssuifunsadtonsnfunse fioulny
sovun 1 Alansu laoldlunvugdwiundssunssdlennusuil 4.2 Taeldiaarlunis
w33 14 Yu Taeiunaluiud 3,6,9,12u0514 Fupaumamaooaiifell
1. {Wamsvhanumesieiod
2. feengmumniisiumiaedienii 90°C
3. \Uadileifiusayn 3 Susundinsziiisuagnansanimunssiieus

PN INALATYAIATLUAITIN 4.12



57

M13197 4.12 MIneaeaUssunseiieus 1 nn. seanuTeu 90°C

Fud gaumilunisulsgy thuiinnssdien Hadns (5U)
1 90°C 1 flansa ,
3 90°C 1 Alansy
6 90°C 1 Alansu
9 90°C 1 Alansu
10 90°C 1 Alansu

SUM 4.7 nseiiten 1 nn.AsuuUssU90°0) Ul 4.8 nstifiew 1 n.nndaudssuo0°0)
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4.2.8 N15NNaa9N 13 mswmaaams;ﬁuﬁqmnmmﬂsgﬂnmﬁauﬁﬁ 1 nn.

Iuﬂ’liﬂ/lﬂaaﬂﬁﬁ]81/7’]ﬂ’l’iLﬁUﬁ’lﬂ’liR}’mﬂ’liLLU'ﬁ'gUﬂ’izLﬁEJﬂJﬁ’lﬁ’mﬁﬂ 1 0. g

<& 9 & < Yy o ~ ° o

N19LAVUIINNITHUTIUUU ﬁ]mwwaamulwawmmmﬂagﬂﬂﬁxmamm 11U
o [~4 % = a d‘ I3 %7’ d' £ =1 o v d‘ I v v
Tulussdimalaieiivilaannisuussunseiieudntu wieldlianuseu
mafluffaLLUigUﬁwmﬁzmaﬁwaaﬂwm

1. BumsuUssUnseiigue

o @ 901 a I3 %’ % d’ o
2. vnmsuinssiiganad v lunn fuiviinsudsgy
3. YuiinwauSunavesdwazransenusogavgingludanusguyniuaund

(%

azlifinneluifiuiinisnaassadlunisned 4.13

f15199 4.13 ﬂ’ﬁ‘V](ﬂa’éNﬂ’]iLﬁ‘Uij’T{]’]ﬂﬂTﬁLLU?EUﬂi%LﬁB@Jﬁ’] 1 nn.

$uil | it | gampinoudesh | euvpivdalasn | USina (m
¥ 90°C 92.2°C AUPs 7ml
2 Pl 91.6°C 90.4°C 3ml
3 90°C 89.2°C 88.4°C Oml
s’mﬂ‘%mmﬁgﬁﬁlﬁmﬂmsLL‘Usg‘U 10ml

aaumadl 90 asr it 1 Alandu

8
7
6 4
€5 -
AOSQ—
S5 |
I
D 2 4
1
O T T T 1
0 1 2 o 4 3 4 5
IUN

N3N 4.3 nsiudINN1sulsgUNsELTiEn 1 nn.aaegaund 90 89
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4.3 nsveaseulszunseiisunn (2 Alaniu)
Junismeaeinisudssunssiiieudlaeagldnseiioulnulunisulssy lngasd

nurgUiadienszunsslunisussgnasfenlmilunisusgumeus o 5 furi

MnawnuaaaLaiomzfumsuUsleslasasininedsliudas fuussgnsuiiien

WU wagaglinmsmaassnisiiuihnseiisalasldidmsuinuiinssiisuuway dufinwain

MaUaiinaegelsiunmsuyssy

4.3.1 nM1svAAsil 14 NsuARBIUTINTEIdiBy 2 nn. addunvus

TunsnmaestiasyinnismaaeuauguesnwurdmiuuUssUnseiiteud
Tnenwugdivionun 5 duazriinsmanesussanssfisuiiasdulfiodsanuqlae
nszifiealiidousiu WilensnszaeanuTouia

1. thnsgiitsalmuadeussgaslumaugdmiunlssunssifiond

2. ansyinlunmvuglagvnulvinsvieutaunseyiuiu

3. thnsefleuiiussqudandsuiminfiasfuinivuzanmnsnussynazidion
IeAlalagllvinssfloudoutu

4. JUANKANISNAABIAI UM NN 4.14

M13199 4.14 MINPRIUTIINTELLY 2 nA. adlunvugdmiuulsy

FurRIN UL vhwinwosnssifion
it 1 400 n5u
i 2 400 N3y
T E 400 n3u
i 4 400 N3y
i 5 400 N3y
59U 2000 nsu ( 2Alansw)
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4.3.2 Mnaassii 15 msmammmqu%ummgmmnmsii’aﬁmﬁn

Tunsneassd %ﬁ’]ﬂ’ﬁ%ﬂﬁﬂﬁﬁﬂﬂﬁgLﬁauiwuﬁé’aiﬂlé’ﬁwmiLL“US;;U way
ﬂizLﬁ&mﬁﬁwmiLLUﬁgULLé’a iethanmuwamAanutulunseifieniinsuidiond
ﬁwumﬁgﬂﬁmm%ummﬁaaLLﬂ'ivm

1. vidadmtinnssfieunouasidssy

2. ﬁfmimﬁauﬁwigﬂLLé"Jm%ﬁﬁgfmﬁfﬂ

3. JunNanN1sAandadlunns1en 4.15

a

4. 1hAlaa1nansen 4.15 Amwslugnin1smianuduansgulden

[
=

WAZANUTUNINTTIUUAG gnsilasil

ANNYUNIAIFIULTEN ( Wet basis)

(w—d)
w = ['—W— x100
ARSI ILMIR (Dry basis)
—d
M, = [%]xwo

M,, =ANuBuaasgulen
My =AUTUATFIULIA
w =UTNEUAUYDINEGN TN

d =1 MUNSUAUYD AN WIS

A157991 4.15 NIIVARBINIANNYULINTFIUIINATTIUMTNUBINTELALY 2 NN.

gauigilunisudsgy | wwdnnseifieunowwdssy | dmtnnssieunaaulsgy

9 Y

(n5%) (5Y)
50°C 2000 n35u ( 2Alansy) 1258 NSy
70°C 2000 nSu ( 2Alansy) 1152 Ny

90°C 2000 nsu ( 2Alansy ) 865 N5y
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4.3.3 nMnnaedil 16 n1measaUssUnsEifieai 2 nn. Adeausau 50°C

Tuﬂ15wmaaqﬁézﬁqﬂwﬁwmaauuﬂigﬂﬂizrﬁamﬁwﬁaaﬁhuﬂﬁgﬂﬂizLﬁauﬁw
Tnessngamnilii 50°C nsuitnldlumautssudunsadousnBunsyfeiny
favun 2 Alansu Teeldlunvugdmiuwsgunssdounugud 4.2 Tagldinanlunis
w33 14 Yu TaeiAunaluiud 3,6,9,12ua814 Funeumanaaoaiifell

1. \Wamsvhaureseios

2. fergumishunthaetieni 50°C

3. \WanuileLfiunann 3 Juauniinsifiouaznansanimdunseifioud

AUNITINNILAIBAT
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M13197 4.16 Msnaaaulszunseiiieus 2 nn. AdealNuTau 50°C

Fud gaunilunisudsyy thuiinnssdien Hadns (5U)
1 50°C 2 Alansu
3 50°C 2 Alansu
6 50°C 2 Alansu
9 50°C 2 Alansu
12 50°C 2 Alansu
14 50°C 2 Alansy
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gﬂﬁ 4.9 nNsziiigy 2 n.n.nouuwlsy
(50°C)

g‘uﬁ 4.10 n3giiiey 2 A.n. ey
(50°C)

4.3.4 M3naaasdl 17 Msvaassnsiiuinainnisudsgunsedieusn 2 an.

Tunsnagesiiaginmsiuiinisannssdssunssiieushdimin 2 nn. g

[ Y ] (3 Y v = o [y
msmummnmmﬂigﬂuu ﬁ]%ﬂﬂmﬁiﬂLﬂUlmﬂﬁﬂ’iﬁﬂﬂ']iLL‘LJi?j‘Uﬂi%L‘VIEJZLIG]’W 19U

o & v a o A g §Any =~ ° [y ~ 9 v %
5\]7L‘ch‘]aﬂllﬂ'ﬁLU@LW@Lﬂuqullﬂﬁ]r]ﬂﬂqil,l,ﬂizﬂﬂiﬁLV]EJ@JW']Vqlﬂ'Ju L‘WE]VLQJI‘WQ'JWN U

meluiussuvinissemeuioenvin

1. SumsuUsUnseLiieusn

[J =3 H = I 5 v a0
2. vnmsnvinseisand i tunn Junyimsudssy

3. YuiinraUSunaesdilasKansenussanmgintglunaudssunniuaunh

(]

azlaifvnneluiifuinn1snnassadlumisan 4.17

A1319% 4.17 MameaaensunaINnsuUssUnseLdiewsa 2 an.

$uil | eauvinifild | qumnfinewdes | gumpivdadas | U3na (m
1 50°C 53.4°C 52.2°C 12ml
2 50°C 50.1°C 49.2°C 8ml
3 50°C 52.2°C 51.5°C 5ml
4 50°C 53.2°C 51.7°C 2ml
5 50°C 51.8°C 50.6°C Ooml
mmﬂ%mwfwﬁlﬁmﬂmsLL‘UigU 27ml
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y aaumadl 50 aeA Uil 2 Alandu

14
12
10

USanauti (ml)

O N B~ O
1

e
=
=b.

ns il 4.4 naivihannswdsgunssiftous 2 an faegmgd 50 aam
4.3.5 nnaaedil 18 msnnassuUsgunszifieus 2 nn. frearudeu 70°C
Tunmaaestiagyinismeasuulssdnsadioumdnedaussunseiousi
Tnesaagamndlin 70°C nasdfleaflilumsssuidunsafioududunsadiealny
savuin 2 Alansu legldlunvugdwisunlssUnssdfleunusuil 4.2 Taeldiaanlunis
wUs3u 14 Ty Tnoifunaluud 3,6,9,12uaz14 FuneunTnasaiifl
1. 1 Jamsauve a3 e
2. fsmrgnumaTisunthaetieni 70°C
3 @pnifletiunann 3 Jusuninsziitenaznansanimidunsziiisus

MIUNITIAMIEAIYANAILUA1SI9N 4.18
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M13197 4.18 Msnaaaulszunseiiieus 2 nn. AdealnuTau 70°C

Fud gaunilun1sudsgy thuiinnssidien Hadns (5U)
1 70°C 2 Alansu
3 70°C 2 Alansu
6 70°C 2 Alansu
9 70°C 2 Alansy
10 70°C 2 Alansu

sUN 4.11 nsuiiiew 2 n.n.ieuwdssy

(70°0)

g‘dﬁ 4.12 n3eiiiey 2 n.n.vaaudssy
(70°0)



66

4.3.6 N15NAAIN 19 ﬂ']iVIﬂﬁEJ\iﬂ']iLﬁU‘lj’]Q']ﬂﬂ']il,l,‘ﬂig‘ﬂﬂigL‘ﬁﬁluﬁ'] 2 nn.

Iuﬂ’liﬂ/lﬂaaﬂﬁﬁ]81/7’]ﬂ’l’iLﬁUﬁ’lﬂ’liR}’mﬂ’liLLU'ﬁ'gUﬂ’izLﬁEJﬂJﬁ’lﬁ’mﬁﬂ 2 nn. 1ag

2 ¥ H 2 Y ~ ° o
N19LAVUIINNITHUTIUUU a]mwwaam‘ulwaamﬂm’uuhgﬂmzm guUa 1 U

o & kY = a ~ 3 H v v = o [ = 19 ¥ o/
Julussaiimalaieiiuinlaannisuussunseiiieudnniu ielilvanuou

Aeluds wlsguviinissevedneanun

1. BumsuUssUnseiigue

o 13 S = [ S v o
2. vnmsuinssiiganad v lunn fuiviinsudsgy

3. JuiinwauSunavesdmazransenunsgamgineludaulsunniuaunh

(%

azlifinneluifuiinisneassadlumisen 4.19

f15199 4.19 ﬂ']i‘]/lﬂaa\‘lﬂqil,ﬁ‘u‘ﬁ']ﬁnﬂﬂ']iLL‘UiE‘Uﬂi&‘ﬁEli.lﬁ'l 2 nn.

$uil | it | gampinoudesh | euvpivdalasn | USina (m
¥ 70°C Y- 9] 71.4°C 14ml
2 70°C 72.3°C ! 1l 10ml
3 020 71.4°C 10.LCC 4ml
4 70°C RIONG 68.8°C Ooml
mw‘%mm‘fwﬁlﬁmﬂmiLuJigiJ 28ml

YSurau (ml)
S o B o
| | | ]

SO N R~ O @
1

aauundl 70 asAn Uil 2 Alansu

N3N 4.5 nsiudINN1sulsgUNsELTiEne 2 nn.aaegaunl 70 99
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4.3.7 NVARBAH 20 n1maasaUssUnsEfiea 2 nn. Aleausau 90°C

Iumﬁﬂ/lﬂaaﬂﬁﬁ]%ﬁ’lmiW@aaULL‘U‘i‘gUﬂS%LﬁEJﬂJﬁ’]éﬁ&lﬁﬂLLUSEUﬂ’i%LﬁEJ@JG?’]
Tnessngamnilii 90°C nsuftenildlumautssudunsadonsnfunsyeiny
favun 2 Alansu Teeldlunugdmiuwsgunssdlounusuil 4.2 Tagldinanlunis
w33 14 Yu Taedunaluiui 3,6,9,12uaz14 Funounisnaaodidel

1. \Wamsvhaureseios

2. fernguuuishunthaetiieni 90°C

3. \Wanuiletfiunann 3 Juauniinsiiisuaznatsanimdunsuifiousi

AUNTISINABAIBAIAIIUAITIN 4.20

M19197 4.20 Msnaaauwlszunseiieudt 2 nn. Aaealnufau 90°C

1%

Tuil gaunilunisudsyy’ | daninnseiiey HATNS (5U)

1 90°C 2 Alansy

3 90°C 2 Alansy

6 90°C 2 Alansy
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5U# 4.13 nsuiilen 2 n.n.neuwdssy 5UN 4.14 nsuiiiey 2 n.nvdawlssy
(90°C) (90°C)
4.3.8 N3NAAReTl 21 MIMARINTNUTNAINATSHUsIUNSZdiENs 2 .
Tunsnaassiiaginmanuiinisannsedssunssiieusnumin 2 nn. ag
< H b < Y v = o 1
n1siiuannsilssULY azaansanulandeainnisudssunsy ineudn 1 3y
o & v A a 4 @ § odvw = ° 1Y) = L% Iy
Puludesinsiladietiuinnlaannisuusgunseiisudyniu wielailviaiuieu
Melufuussuyinnmssemedieenvan
1. SumsuUsgUnseLieud
[J < 5 a =3 5 v a0
2. vnmsuiinseisunad v lunndunvinsudsy
3. JuiinwauSuiaveskasransenussanmgimeludaudssunniuvaunh

(%

agliifivnnielufiifuiinisunassaslunisen 4.21

A1379% 4.21 ManesasnIsNuInIINNIsuUsFUNsEIiENsT 2 an.

T | aumgiild | eamalinewdeny | eamgiindalee | USuia (ml)

1 90°C 90.3°C 89.5°C 15ml
2 90°C 92968 & 1 _g¢ 8ml
3 90°C 90.8°C 89.4°C 3ml
4 90°C 91.8°C 90.1°C Ooml

sUsnamlannsuUssy 26ml
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gaumadl 90 asrn Uil 2 Alansu

e
o N A~ O
| | | J

USunauih (ml)

SO N A O
1

N30 4.6 MaNudINNEkUs UNsEaw 2 Nn.Aaeaunil 90 a9

4.4 nsveaeeulszunseiiisus (4 Alaniu)
Junisneasinisussunsziiisudlneayldnsafienlnulunisudssy Tneesd
nwurgUiadtonszunsslunisussanssdenlmilumsussunisus diivonun 5 $uyii
MnauwLRaaLAiamzUMIWTUe M singazinineds udas fuusTansuiiey
w9y LazariinsaasssiiuinnsuiienTngldidmsuiuinseisnuazSuiineain

nsiUarhiinaag1alsiunsudssy

4.4.1 n1sVAABSI 22 MsAABIUTINSEIABY 4 nn. aslunivus

TunmsvnaesiagrhmsnadeuauavesmvuzdmiuuUssunseifioud
Tnenvugdisianun 5 duaziinismasesussgnssifieuiiazdulyiadeanuglag
nszifleailidouiiu ilensnszansaiuseuda

1. thaszifieslnuedsussgadlumaurdmiundssunseidious

2. Mansuigslunvuglaevinulvinssiieudeunseviuiu

3. thnssfienfiussqudamdeiminfiasduihneugannsoussgnae ey
IeAlalaglslvinssifiondeouru

4. TUNNRANISNAaIadlumIsan 4.22
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M13197 4.22 MIVPERIUTTINTEWEY 4 nn. astunyugdmiuudssy

Fureanaue vhwinvosnssifion
Fudi 1 800 N
Fudi 2 800 N
Fud 3 800 N4
Fud a 800 N
Fudl 5 800 N
373 4000 N33 (4Alansu)

4.4.2 nsuAaesil 23 ManARaIANLTUNASEILNIINNI ST

Tunaeaesil asvnisfaihmidnnssitenlnudsslalléinisulssd uas
nszifeuiinnisulssUud illethandiumnetangulunsnileuiings i eud
danussUinnudunndesudln

1. adsimiinnssiiionnouasul sy

2. thnsiieuiiulsguudaandadimiin

3. (ufinuansnaaadadlumsneil 4.23

4. dheniildannmsnedt 4.23 udwadugasnismeanuduunsgruden
LarATIRLINATT UL gaTdd

ANTUNIRSTILTEN (Wet basis)

w—d
M, = [!]xmo
w
ANNYULINTFIUL (Dry basis)

M, = [(Wd;d)]xmo

M,, =ANuguNnsgIuden
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Mg =AM NAULIRTFIULIAS
w =N UAUYBINAR N

d =UAUNSUAUYDINARN AL

A15199 4.23 ﬂ’]'3‘1/1ﬂa’eN‘Vﬁﬂ??ﬂ%ﬂﬂ?mii?ﬂﬁﬂﬂﬂ?'ﬁ“ffﬂﬁﬂﬁﬁﬂ%aﬂﬂigLﬁﬁlll 4 an.

gaungilunisulsyy 13mﬁﬂmmﬁamdammigﬂ ﬁmﬁﬂﬂsmﬁawé’aum;ﬂ
(nSw) (nSw)
50°C 4000 N5y 3254 n3u
70°C 4000 n5u 2882 N3y
90°C 4000 N5u 2620 NU

4.4.3 nM3VnaRsil 24 MInaassuUsgUnsziiieusi 4 nn. faeanudeu 50°C

Tunsmasesiasyhnsmadeuulsgunsgiusidefiudssunssiitond
Tnessgamnilif 50°C nsudtonildlumaussidunsudioadudunsadionlny
viavan 4 Alansu Tneldlunrugdmsuulssunsuifisnnusud 6.2 Teeldiaailunis
wUs3U 14 Ty Tnaifunaluiuit 3,6,9,12uav14 TuneunITNAaD] <51

1. \TUansvhauueseios

2. fangaumgisuviaoiiiend 50°C

3. WarwilelAunann 3 Jusuninssifisnaznatsanmdunseiiieud

AIUNITINABEEAN
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N 4 NN, 98A1N5U 50°C
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1% " 3
. » N
2y 200 2
® 2949 Y
% B539,2 » ,':
v § Y 24 ’
[ 3932303
d By
“ ; ' ; ,,)’ v 4
SUT 4.15 nszifion 4 n.n. Aeuwdssy Uil 4.16 nseifien 4 n.n. ndauussy
(50°C) (50°C)

4.4.4 MIVAABNT 25 NMIVAasIMSUIINNIsKUsTUNSEAfisws 4 nn.

lunsnaassiiagyimsiiuinnisannisudsiunssdieusntnn 4 nn. g

=3 H b < Y a o o

N13AVIAINNITHUT U avarusaiulamdainnisuussunsewieusn 1 3y
o & v o & 4 e §anw = ° 9 P 9 v v
dussaimalaierivinlainnisuussunseidisudinniu tielilvanuiou
melufuussuvhmssemedioenvun

1. SunsuUsgUnsELgusn

o =3 s a I 5 o Ao
2. yinmsivinssiiand At Ui sudssy
3. JuiinraUSunavesttaznansenusieaamninelunwdssunniuaunh

1

azlifvnneluniAuinnsaassadluas e 4.25

A13197 4.25 MMAaRenIsiviINMsuUssUnsEiieuan 4 an.

$ull | auvindilld | gaumpfinewdesh | gauvinivdadasn | USinm(m
1 50°C 52.4°C 51.6°C 15ml
2 50°C 53.1°C 51.9°C 17ml
3 50°C 53.7°C 52.5°C 10ml
4 50°C 52.7°C 50.7°C aml
5 50°C 50.5°C 49.4°C Ooml

sUTnamlannMsuUssy asml
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9auuQil 50 @A Umiin 4 Alan3u

sl 4.7 mavianniswssunssilens 4 nndaegugd 50 aam
4.4.5 nneaedil 26 MINARBIMUTIUNSEIiENG 4 nn. Faearudeu 70°C
Tunmaasstiagyinnisnaeuulszunsaisadidaefauussunseiious
Tnesaagamnili 70°C naziftoailélunsussuibunssfisadndunsadioalny
sravun 4 Alansu Teeldlunyuzdwisuidssunssdlennusuit 4.2 Tagldnanlunis
wlsgy 14 Tnewiunaluiudl 3,6,9,12u8814 SumeuMINAais
1. Wamsyhenueeios
2. fernguunTinumtaetieni 70°C
3. Uashuiteiiusayn 3 Juaundinsziiisuasnatsanmdunsziiieus

MIUNFINPIBAITANAILUNITIIN 4.26
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SUT 4.17 nswiiios 40 deundssy sU 4.18 nsziiton 4 n.nndsuusgy
(90°C) (90°C)

4.4.6 nsvaaesdi 27 nMsaRssMsIiutaInMsuUssUnsziisas 4 an.

Tunsmanesiazshnafuviinisanmawissunssdonsiomdn 4 nn. ey
mnﬁuﬁwmﬂmmﬂigﬂﬁu yzansaiulindsinnisudsgunseiieasn 1 5y
Sudusosdiniadafiatuifldnmsuwsgunseifioudmniu wieldliauioy
msfl,uffaLLUigﬂﬁﬂﬂﬁsszﬁffmaﬂwm

L Léﬂﬂ’liLLUigﬂﬂizLﬁEmﬁ’]

2. vhmafuthnssdisnondufuiluynfuivinissgy

3. ﬁ’uﬁﬂmaﬂ%mmmmﬁﬂLLazwaﬂiwucﬁiaqmmﬁmﬂuﬁaLLﬂigﬂnﬂiuﬁ]uﬂ’jw

1

azlifvineluifiviinisnaaseadlumnisien 4.27

A1319% 4.27 ManesasnIsnuinaNnIsuUsgUnszifienda 4 an.

il | gamgiild | aavginoudeeh | eamgivdadesh | Uua (m
1 70°C 71.5°C 69.6°C 16ml
2 70°C 70.8°C 68.5°C 10ml
3 70°C 69.3°C 68.2°C aml
4 70°C 72.3°C 71.2°C aml
5 70°C 71.6°C 70.4°C Ooml

sUsnamlannsuUssy 34ml
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aauuadl 70 asr witin 4 Alan3y

22 -
20
18
16

14

y

(

a0

S 10 A

U511

SO N R~ OV 00
|

N7 4.8 ﬂmﬁuﬁ’mﬂﬂmwigﬂﬂizLﬁﬂmﬁ 4 nn.Agaund 70 8
4.4.7 mM3vnaasdl 28 nsvaasawUssUnsuifius 4 nn. FaeadnaFeu 90°C
Mﬂﬂiwmaaqﬁ%ﬁﬁmimaauLLUigUﬂszLﬁamﬁﬁwﬁqLLﬂigUﬂizLﬁsmﬁﬂ
Tnesadgamnilii 90°C nsuftonfldlunaudssuidunssdioadudunssdionlny
viavan 4 Alansu Ineldlunrugdmiuudssunssifiosnugud 6.2 Togldiaalunis
wUs3U 14 Ty Tnefunaluiuil 3,69, 1208y 14 SuneunsNAaesd] 91
IR REWILRIGESK
2. fngaumgisuviiaoiieni 90°C
3. \WanniteLfunayn 3 Jusuniinseitenaznatsanimunsyifiousi

AILNNTINNIBEEAIATUAITIN 4.28
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4.4.8 N15NNaaN 29 msmaaams;ﬁuﬁqmnmmﬂsgﬂnmﬁauﬁﬁ 4 nn.

Iuﬂ’liﬂ/lﬂaaﬂﬁﬁ]81/7’]ﬂ’l’iLﬁUﬁ’lﬂ’liR}’mﬂ’liLLU'ﬁ'gUﬂ’izLﬁEJﬂJﬁ’lﬁ’mﬁﬂ 4 nn. log

2 ¥ H 2 Y ~ ° o

N19LAVUIINNITHUTIUUU ﬁ]mwwaamulwawmmmﬂagﬂﬂﬁxmamm 11U
o [~4 % = a d‘ I3 %7’ d' £ =1 o (v dl' 1 ¥ v
Tulussimalaieiuinnldaannisuussunseiisudniu weldliauiou
mafluffaLLUigUﬁwmﬁzmaﬁwaaﬂwm

1. BunsuUssUnseiigue

o @ 901 a I3 %’ % d’ o

2. vnmsuinseiiganad v lunn Fuiviinsudsgy

3. YuiinwauSunavesduwazransenusogavgingludausguyniuaund
azlaifivnneluiiuiin1snaassadlumisIan 4.29

A15199 4.29 ﬂ’]iVIﬂaE]\‘lﬂﬁiLﬁUﬁ’]ﬁnﬂﬂ']iLL‘Uig‘UﬂizLﬁEJ&Iﬁ'l 4 nn.

$uil | guvigidld | gaumpfineudesh | gaminivdadas | U3ina (m
1 90°C 92.4°C 90.7°C 21ml
2 90°C 90.4°C 88.6°C 16ml
3 90°C 91.7°C 89.3°C éml
4 90°C 93.2°C 92.6°C oml
S’Jw‘%mmﬁwﬁlﬁmﬂmiLuJigiJ 43ml

9auundl 90 asA Wwiin 4 Alansu

v3 d’
Tun

N3N 4.9 nsiudINN1suUITUN ST 4 nn.Aaegand 90 B9A
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uni 5

AATILNUBLETUNANI NGB

5.1 @3unan1imnansy
fauvsgunseifisudmidaianansoviauldnsanminguszasdveslasasunig
Fenldgunsnledandeauaziimnumneausiutueny Ssdsmaliilasanuiinisienuld
ogailuszAvisam Instanlunisulsgunssdionsifiotwinldfniiidsl luneuwsn Tng
amnsouUssUnseifisnlnuanlinatidunszsiioudlanely. 7-14 Suegiiusuiaves
nszifenuazgamgdfflflunisulssy wlunsvnaesasldnsseninumiidu uasdinnaify
ihitlflasmautssUnsziiens ludanvssgunsaingluiadesifod el dflifdln
Fr3nszuitamaveass lasnsvinaiuvesgunsaiinagiulassnu Aldinsmaassiietn
Usgandnnnnsvineu
Tnsnisuvszunssieadiainigdalaneiiasussunsaioalnuaalidy
nsuipuanIsagldiiatlidesnii 14 fuudiwedldnanda 4 Alansunaziauwdsgunseiiioy
framnsasilalngldiaaniiios 7 fu Tneldguvgilunisuussuegit 90 psmlagyiinin
nagiutewhluulssumin 4 Alanuuasidiondssuiadaldnsaiousdinin 2.62 Alanu
downldeudouiitieamnivgehlihlufnssfoumeluseniminisanasnn
5.1.1 a3Unan1snaaesdl 1 nsnaaeamediannsetind
msvmaesdrsusdulilinanansmaaes e 4.1 awnsaaguliinnia
Fgllaeldunasinglniinssuanss 5 adinuldegwaissuasiivse@nsan
wazanasanluseldauasale
5.1.2 a3Unan1snaaesdl 2 NMsnaaeInsinauvasEnines
M3VPRBINSTINIUTRIEMIAR fINHANTNIAABIA5 9T 4.2 aansaasuUld
Inshaugesdninesildussiuliiin 220 laad azdeslinameauaislunissi
anuoulagianzlugumngiigeinegiaudu 90 esriwaldeanasldinaiuinnii 4
uilumsvhanadeuudalsllfdmasonsiauesaiosnn
5.1.3 ayUnan1svaaesdl 3 nsnaaeinsinauvemthaeiiowd
MsnRaBINseuTeminveiitewiinnnnanisaasins1eil 4.3 awnsn
agUldlunsdudanthaeanunsamuaugaginazdouddsiumiiaeldlaglsdl

21N IUNIDLNATDRANAINTENINNITVINIIUYDUAT D



81

5.1.4 agUnan1MAaedd 4 mansaiugampiinieludefemesTuduida
mnsdugumpiinigludsiemesiuduidaanuanimeaesmssil 4.4
anmnsaagUldigamgiiitaldnnmesluduiladeifisuiuiniomsaiugumgd
sedurisavziimnunaimndeuseantesysyann 0%-1%
5.1.5 agUn1ameaedil 5 Msian1sinuvesdmneiieldnanviiad
Msfamsvhaiuesninesmelednamysiadainuanisnaasnsnsi 4.5
aunsoaguledn msihauveddednawniiadaunsafinni1sinauuesEnnesiaase
uignigfiaziaeyaiinaiel issun 1-3 ssmifiesaninnufouasaumelundoudts
lidewansenusenisldauasa
5.1.6 a3UNAN15MAAasTl 6 NInAaBIUsIINIELion 1 nn. aslunvuz
mimi@nizLﬁamaﬂumﬂauzﬁm%’uLLiJigiJmﬂwamﬁmammiwﬁ 4.6
annsnagUliiaruzannsoussanseionld 1 Alansuutadu 5 $u duaz 200
nulvihfunndu
5.1.7 agUnanmavaaesil 7 navaasaaaduinasgiuanmsdaimn
NsMIANETUNTgILI NN STl TN ARAN SIRA0 A1 19T 4.7
annsoagulihmaifunsadfiedlidussssnaumeiinss o swasiinnuiuy
tovawildwmarnonisusgiuasshminuesnsadion
5.1.8 a@wamsmaaeﬁ 8 n1naassuUsunseifisudl 1 An. AlgANToU
50°C (asAvaLdes)
mﬁu:d'ﬁg“uﬂizL‘ﬁamﬁwmﬂwamimaaqmiwﬁ 4.8 111508 3UlAIN34US
sunssfteudwidn 1 Alansalaeldaumnd 50 aseisaidoasslfinalunisutssy
aoutrsuu e nldoamgiivhuasnssiisusiusinaiosilvimiuvuiuitiuyes
nsudteulumausdesvilieutunilffansidinseesnisasesifldiaan
Tunsuususionin 14 Yu
5.1.9 dgUnanimaaasil 9 mManasssniafivinannsulszunsaifiendn 1 nn.
naifuthannsilssunssfleusarnnanisvinaesmsed 4.9 aunsaagy
IFnsivihainnsusgunssdisaivin 1 Alanfuleeldomngd 50 oean
wadsaazannsnfuihannsulssulddendenniviinunsaioufitesuarld

a o 2 ovvy A aa
@mﬂﬂJWWIQSLﬂUUWIWWQWN@ 12 1aaass

9 Y
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5.1.10 d@5Unan1snaaasil 10 AsnaaawUsFUnTEiisusT 1 nn. AI8AIUTaY

70°C(aeFwatded)

1 nn.

mﬁLmigﬂﬂizLﬁﬂmi’wmﬂwamﬁmaaqmiwﬁ 4.10 anseaguladnnisuys
sunsuifteudwin 1 Alansalaeldgumnd 70 sseiwadsaszlfinalunisussy
Aouthaunuosanldgampiiviunarauaznsziiisuiiuuaiossitlinnuvuiy
uiresnsufieylunmusdeshliarutuswiliAnmehuinietosnismanes
Wldnalunisudsguonun 12 $u

5.1.11 @5Unan1imaaesil 11 n1snaaeniIsiiuinannsulsgunseiiunn

msifuihannsulsgunssfendininmanisaaoemissd 4.11 a1unse
asuldhmafvihannisulssunssdtesninin 1 Alansulagldgumnd 70 oem
wadvaransaiivihnnnsussdldtieidesniviansaivaiitosuasld
pruguuunanslnanuthldiann 14 S03aes

9 Y

5.1.12 a3UNan15naaeei 12 Asnaaaulsgunseiiisusn 1 nn. aleadusau

90°C (aeANaLded)

nn.

miLLUigUﬂizLﬁauﬁﬂmﬂmamimaaqmswﬁ 4.12 anaseasuladnnisuys
sunsyfleuwin 1 Alansulaeldgamad 90 esemaidoaazlfinanlunisussy
routhetiosidosinldanmyiiguansyifisniiuiunaiosiflinuvuiuituves
nszdienlunmusdesvilierutunidlifnnisiuinsedesnisaasilldiaa
Tumsudsgusitovm 10 $u

5.1.13 @5Unan1snaassil 13 n1snaasinIsiuinaInniswusunseiisus 1

< 5 = o =
N1SAVNNAINATRUTFUNSEABUAIIINHANITNARBIATT NN 413 a13150
asUldnisnuinainnisuussunseiienimin 1 Alansulaeldgaumgll 90 e
= g 3 IR = N a = v %
waeaIrannsaiuinNnswlssuladee ot niiusinunseiisunesuasly
a 2 Sy a _aa
gauiaslasiuilansvun 10 daddns
5.1.14 a@5UNan15naaasil 14 A15NAAR9UITIINTENEN 2 N, aslunvue
) ] (% d'
N15UssYnsEiguaclunvusdvSuLUITUIINNANITNAG RN 4.14
ansaasulannnivuzaiwsaussynseiieuls 2 Alansuwuadu 5 9u Guaz 400

nsuliviniumndu
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5.1.15 agUnansvAaesi 15 MamaaasnALTuanAsgILIINNsaiun
N9 UL IRTFILAINNIFIT TN INHAN1TNARIN1T 19T 4.15

anunsagUldhmafunsadfieslidussssnauuinliinss fleutiasd anudy

tovanilidmaronisulsgUuastiminuesnssiiion

5.1.16 d3UNan1sNAaasil 16 n1maasuwdsgunseiiisum 2 an. AreAuToy

50°C (aefwwaLded)

nn.

MsuUsgUnszIflEnfanNan1snaoms e 4.16 anunsaasulsinnisuys
sunsuifteudwin 2 Alansaleeldgumnd 50 aseiwaidoaszlfinalunisuyssy
Aouthsuuilesanldgnmgiivuasnsefieniunam unasilranamuiuuiy
vosnsudisnlunmuusdesvilieutusniliannsiuinsefosnisnaasiild
Lf;aﬂuﬂ’mmigﬂﬁmm 143y

5.1.17 agUnan1snaassit 17 n1snaasamsiivinannisulssunssifiennn 2

mafuthannmatusgunszifendiannanisviaaesm1s1ed 4.17 @i
asuldnindvihannnisulssunssdesniin 2 Alansulaeldgumgd 50 o9
waanzeannsaiivihnntsussldweaueosnniiUSinunse fewiidesuay
Wanunddlaeifuthldiamn 27 faddns

5.1.18 d3Unan1snaaasil 18 M1IVAARMUIIUNTEIBNAT 2 NN. A8AINTDY

70°C(asfngardes)

2 nn.

NSWUTIUNTELTEUARAINNANTNAREINIT 1N 4.18 ensnsaaguladnnisuys
sunssfiendmiln 2 Alansulagldammnll 70 esmwadeavzldialunsudssuly
- v a I~ A o 9 v |
wiuilasnldonmgiiviunaitasnseiisuiiuunndiuna1sinlinnu vy Ly
yaansuisslunmvustesinlinnurunvinliiinnisvinuin3eteenisnaaaaiild
wanlunswlssuniavun 10 Ju

5.1.19 agUnan1snaaasil 19 n1snasaInsiuannIsulssunsziieusi

< H = ° =
NSAUEIINNITUUTTUNTENBUAINKANITNARDIATIH 4.19 #117158)
asUldinsinuihannmsudssunseiienimin 2 Alansulaeldgamgll 70 e
= g o v - a a =
walBearausaiuinannsulsiulaneaualsiiosaniusnunseiendi

nanwagldonguuiunandaeiiuiilanvun 28 Iaddns
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5.1.20 d@5UNan1sNAaail 20 A1sNAaRLUTIUNTETIBNAT 2 NN. A8AIUTOY

90°C (aeALyaLYed)

nn.

mﬁLmigﬂﬂizLﬁﬂmi’wmﬂwamﬁmaaqmiwﬁ 4.20 anuseaguladnnisuys
sunsuifteudwin 2 Alansalaeldgamad 90 sseisaideaszlfinalunisussy
Aouthetionifiosnnldgamyiiguasnsyifioniviinadwnasilianamuiuuiy
vosnsudisulunmuedesrilieutuiilfannsihuinsefosnisnaasiild
L’;a'fLumiLLUigUﬁwm 10 Ju

5.1.21 a@5Unan1snaassil 21 Asnaaaanisivinannisulssunssifiennn 2

msifvthannsulsgunssfendainmanisaaoemssd 4.21 a1unsn
asuldhmafvihannisulssunssdftesninin 2 Alansulngldgumnd 90 e
wadvarasaiivihnnnsussdldweaunindesaniiUsinunse fiondiviy
nanauadlfgugiiaddasifuilaviomun 26 fadans
5.1.22 AgUnan1avinaasil 22 NnAassUTIgNTZAiEa 4 nn. asluniauy
mimif\;mzLﬁﬂmaﬂumﬁuuzﬁm%’uLLUigUmﬂmamwmaaqmawﬁ 4.22
annnsoasulfhnsuzannanussanssionldgean 4 Alansuudadu 5 du fuas
800 nulvfivhituyniu
5.1.23 d3Unan1aMAGasdl 23 NaVARIINANNTUNATTILAINNSTethvtn
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// \ibrary SPFD5408

#include <SPFD5408 Adafruit GFX.h> // Core graphics library
#include <SPFD5408 Adafruit_TFTLCD.h> // Hardware-specific library
#include <SPFD5408 TouchScreen.h>  // Touch library

#include "max6675.h"

// Calibrates value

#define SENSIBILITY 300
#define MINPRESSURE 10
#define MAXPRESSURE 1000

//These are the pins for the shield!
#define YP A3//A1

#define XM A2//A2

#define YM 9//7

#define XP 8//6

int thermoDO = 12;
int thermoCS = 11;
int thermoCLK = 13;

MAX6675 thermocouple(thermoCLK, thermoCS, thermoDO);

int RY = 10;

/%
//Macros replaced by variables
#define TS_MINX 150

#define TS_MINY 120

#define TS_MAXX 920

#define TS_MAXY 940

*/

93



94

short TS_MINX=150;
short TS_MINY=120;
short TS_MAXX=920;
short TS_MAXY=940;

// Init TouchScreen:

TouchScreen ts = TouchScreen(XP, YP, XM, YM, SENSIBILITY);

// LCD Pin

#define LCD_CS A3
#define LCD_CD A2
#define LCD WR A1l
#define LCD_RD A0
#define LCD_RESET A4 // Optional : otherwise connect to Arduino's reset pin

// Assign human-readable names to some common 16-bit color values:
#define BLACK  0x0000

#define BLUE 0x001F

#define RED  0xF800

#define GREEN  0x07EQ

#define CYAN  OxO7FF

#define MAGENTA OxF81F

#define YELLOW OxFFEO

#define WHITE OxFFFF

// Init LCD

Adafruit TFTLCD tft(LCD_CS, LCD_CD, LCD_WR, LCD_RD, LCD_RESET);

// Dimensions



uint16_t width = 0;
uint16_t height = 0;

// Buttons

#define BUTTONS 3

#define BUTTON_CLEAR 0
#define BUTTON_SHOW 1
#define BUTTON_RESET 2

Adafruit_GFX_Button buttons[BUTTONS];

uint16_t buttons y = 0;
float TempSet = 50.0;
//-- Setup

float temperature = 0.0;

int CntReflesh = 0;

void setup() {
// put your setup code here, to run once:

pinMode(RY, OUTPUT);

Serial.begin(9600);

// Inicialize the controller

tft.reset();
tft.begin(0x9341);
tft.setRotation(0); // Need for the Mega, please changed for your choice or

rotation initial

width = tft.width() - 1;
height = tft.height() - 1;



// Ul

initializeButtons();
// Border

drawBorder();

// Initial screen

tft.setCursor (15, 50);
tft.setTextSize (3);
tft.setTextColor(GREEN);
tft.println("TEMP CONTROL");
tft.setCursor (30, 85);
tft.printin("POT Boiler");
tft.setCursor (45, 150);
tft.setTextSize (2);
tft.setTextColor(BLUE);

tft.printin("Thermocupple");

//tft.setCursor (80, 250);
//tft.setTextSize (1);
//tft.setTextColor(BLACK);
//tft.printin("Touch to proceed");

delay(3000);
showCalibration();

showvalSet(TempSet);

void loop() {
// put your main code here, to run repeatedly:

// Test of calibration
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//// Read Tmp

//if(CntReflesh<10){ CntReflesh++; }

//else

/N
//CntReflesh = 0;
temperature = thermocouple.readCelsius();
showvalTemp(temperature);

//}

TSPoint p;

// Wait a touch

//digitalWrite(13, HIGH);

p = waitOneTouch();

//digitalWrite(13, LOW);

Serial.printin(String(p.x)+" "+String(p.y) );
// Map of values

// px =map(p.x, TS MINX, TS MAXX, 0, tft.width());
// p.y = map(p.y, TS_MINY, TS_MAXY, 0, tft.height());

p.x = mapXValue(p);

p.y

mapYValue(p);

// Draw a point

tft.fillCircle(p.x, p.y, 3, BLUE);



// Show touch screen point (TSPOINT)

showTouched(p);

// Buttons

// Go thru all the buttons, checking if they were pressed

for (uint8_t b=0; b<BUTTONS; b++) {

if (buttons[b].contains(p.x, p.y)) {

// Action

switch (b) {

case BUTTON_CLEAR:

// Clear

showCalibration();

TempSet = 50.0;

showvalSet(TempSet);

break;

case BUTTON_SHOW:

// Clear

/*

showResults();

tft.println();
tft.printin("Touch to proceed");
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waitOneTouch();

showCalibration();

*/

if(TempSet<150.0){ TempSet = TempSet+1.0; }
showvalSet(TempSet);

break;

case BUTTON_RESET:

// 'New calibration

/*
calibrate_TS();

waitOneTouch();

showCalibration();

*/

if(TempSet>50.0){ TempSet = TempSet-1.0; }
showvalSet(TempSet);

break;

void showvalSet(float tmpSet)
{
tft.setCursor (50, 50);
tft.setTextSize (3);
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tft.setTextColor(GREEN);

tft.println( "SET Temp" );

//tft.setCursor (60, 90);

//tft.printin(" ");

tft.fillRect(60, 90, 80, 30, BLACK); // For cleanup
tft.setCursor (60, 90);
tft.println(String(tmpSet,1)+" *C");

void showvalTemp(float temp)

{
tft.setCursor (50, 130);
tft.setTextSize (3);
tft.setTextColor(YELLOW);
tft.printin( "POT Temp" );
//tft.setCursor (60, 90);
//tft.println(" ");
tft.fillRect(60, 170, 80, 30, BLACK); // For cleanup
tft.setCursor (60, 170);
tft.println(String(temp, 1)+" *C");

// Calibration of Touch Screen (resistive)

void calibrate_TS(void) {

// Based in code posted in
https://forum.arduino.cc/index.php?topic=223769.15

TSPoint p1, p2;
intl6_t temp;
int32_t tempL;
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tft.fillScreen(BLACK);
tft.fillCircle(4,4,4 WHITE); //show the first point
tft.setCursor(5, 30);
tft.setTextColor(WHITE);
tft.setTextSize(1);
tft.println("Please touch the dot");
uint16_t limit = 40;
do {
pl = waitOneTouch();
} while (I(mapXValue(p1) < limit && mapYValue(p1) < limit));
tft.fillScreen(BLACK);
tft.fillCircle(234,314,4, WHITE); //show the 2nd point
tft.setCursor(50, 280);
tft.printin("Please touch the other dot");
delay (500); // debunce
do {

p2 = waitOneTouch();

} while ({(mapXValue(p2) > (width - limit) && mapYValue(p2) > (height -
limit)));

tft.fillScreen(BLACK);

delay (300);



temp=p2.x-pl.x; // Calculate the new coefficients, get X difference
tempL=((long)temp*1024)/(tft.width()-20);

TS_MINX=p1.x-( (tempL*10)>>10);// 10 pixels du bord
TS_MAXX=p1l.x+( (tempL*tft.width())>>10);// 220 pixels entre points
temp=p2.y-pl.y; // “get Y difference
tempL=((long)temp*1024)/(tft.height()-20);

TS_MINY=p1l.y-( (tempL*10)>>10);// 10 pixels du bord

TS _MAXY=TS_MINY+( (tempL*tft.height())>>10);

// Show results

showResults();

// plx = map(plx, TS MAXX,TS_MINX, tft.width(), 0);
// ply = map(pl.y, TS MAXY,TS_ MINY, tft.height(), 0);
// p2.x = map(p2.x, TS_ MAXX,TS MINX, tft.width(), 0);
// p2.y = map(p2.y, TS MAXY,TS_ MINY, tft.height(), 0);

pl.x = mapXValue(pl);
pl.y = mapYValue(pl);
p2.x = mapXValue(p2);
p2.y = mapYValue(p2);

tft.println();

tft.println("Last touched points: ");

tft.print("Pt 1: ");tft.print(p1.x);tft.print(" : ");tft.printin(p1l.y);
tft.print("Pt 2: ");tft.print(p2.x);tft.print(" : ");tft.println(p2.y);

tft.println();

// Wait a touch
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tft.printin("Touch to proceed");

waitOneTouch();

}

// wait 1 touch to return the point

TSPoint waitOneTouch() {

TSPoint p;

do {
p= ts.getPoint();

pinMode(XM, OUTPUT); //Pins configures again for TFT control
pinMode(YP, OUTPUT);

if(CntReflesh<500){ CntReflesh++; }
else

{
CntReflesh = 0;

temperature = thermocouple.readCelsius();

//// Control Temp ////

if(temperature<(TempSet-1.0) ){ digitalWrite(RY, HIGH); }

else if(temperature>(TempSet+2.0) ){ digitalWrite(RY, LOW); }

showvalTemp(temperature);

delay(1);

} while((p.z < MINPRESSURE )|| (p.z > MAXPRESSURE));

return p;
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// Draw a border

void drawBorder () {
uint16_t width = tft.width() - 1;
uint16_t height = tft.height() - 1;

uint8_t border = 10;

tft.fillScreen(GREEN);
tft.fillRect(border, border, (width - border * 2), (height - border * 2), WHITE);

// Show a screen of calibration

void showCalibration() {

// Clear

tft.fillScreen(BLACK);
tft.setTextSize (2);

// Header

tft.fillRect(0, 0, width, 30, BLUE);
tft.setCursor (3, 0);
tft.setTextColor(WHITE);

//tft.printin("*** Test of calibration ***");

tft.printin("Temperature control");
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// Footer

TSPoint p; // Only for show initial values
p.x=0;

p.y=0;

p.z=0;

//showTouched(p);

// Buttons

for (uint8 t i=0; i<3; i++) {
buttonsl[il.drawButton();

// Show the coordinates

void showTouched(TSPoint p) {
uint8_t w = 40; // Width
uint8_t h = 10; // Heigth
uint8_t x = (width - (w*2)); // X
uint8 ty =11;//Y

tft.fillRect(x, y, w*2, h, WHITE); // For cleanup

tft.drawRect(x, y, w, h, RED); // For X
tft.drawRect(x+w+2, y, w*2, h, RED); // For Y

tft.setTextColor(BLACK);
tft.setCursor(x+2, y + 1);
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tft.print("X: ");

showValue(p.x);
tft.setCursor(x+2+w+2, y + 1);

tft.print("Y: ");
showValue(p.y);

// Show a value of TSPoint
void showValue (uint16_t value) {
if (value < 10)
tft.print("00");
if (value < 100)

tft.print("0");

tft.print(value);

// Show results of calibration

void showResults() {

tft.fillScreen(BLACK);

// Header

tft.fillRect(0, 0, width, 10, RED);

tft.setCursor (40, 0);
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tft.setTextColor(WHITE);

tft.printin("*** Results of calibration ***");

tft.setCursor(5, 30);

tft.setTextSize(2);

tft.println("After calibration: ");
tft.print("TS_MINX= ");tft.println(TS_MINX);
tft.print("TS_MINY= ");tft.println(TS_MINY);

tft.println();
tft.print("TS_MAXX= ");tft.printin(TS_MAXX);
tft.print("TS_MAXY=");tft.println(TS_MAXY);

// Initialize buttons

void initializeButtons() {

uintl6_t x = 40;
uintlé_ty = height - 30;//20;
uintlé_tw = 75;
uintl6_t h = 60;

uint8_t spacing x = 5;

uint8_t textSize = 2;//1

char buttonlabels[3][20] = {"Clear", "UP", "Down"};
uint16_t buttoncolors[15] = {RED, BLUE, RED};

for (uint8_t b=0; b<3; b++) {
buttons[bl.initButton(&tft, // TFT object

x+b*(w+spacing_x), v, /XY,
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w, h, WHITE, buttoncolors[b]l, WHITE, // w, h, outline, fill,
buttonlabels[b], textSize); // text
// Save the y position to avoid draws

buttons_y =vy;

// Map the coordinate X
uint16 t mapXValue(TSPoint p) {
uintl6_t x = map(p.x, TS_MINX, TS MAXX, 0, tft.width());

//Correct offset of touch. Manual calibration

//x+=1;

return x;

// Map the coordinate Y

uint16_t mapYValue(TSPoint p) {
uintl6_ty = map(p.y, TS_MINY, TS_MAXY, 0, tft.height());

//Correct offset of touch. Manual calibration

//y-=2;

return y;
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Arduino Uno R3

Ground and AREF

2 Digital Inputs/outputs Serial transmitter and

receiver pins

ICSP for USB
interface

Reset button

A~ 4 “~" peside a number
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————ee——

USB Plug (5V) PWM output
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™
1CSP for
ATMEGA16u2- mu Atmega328

microcontroller

ATMEGA328P-PU
microcontroller

External Power
Supply

AC _DC adaptor

Power pins Analog Inputs

INTRODUCTION

Arduino is used for building different types of electronic circuits easily using of both a physical
programmable circuit board usually microcontroller and piece of code running on computer with
USB connection between the computer and Arduino.

Programming language used in Arduino is just a simplified version of C++ that can easily replace
thousands of wires with words.
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ARDUINO UNO-R3 PHYSICAL COMPONENTS
ATMEGA328P-PU microcontroller

The most important element in Arduino Uno R3 is ATMEGA328P-PU is an 8-bit Microcontroller
with flash memory reach to 32k bytes. It’s features as follow:

* High Performance, Low Power AVR
* Advanced RISC Architecture

o 131 Powerful Instructions — Most Single Clock Cycle Execution
o 32 x8 General Purpose Working Registers

o Upto 20 MIPS Throughput at 20 MHz

o On-chip 2-cycle Multiplier

e High Endurance Non-volatile Memory Segments

4/8/16/32K Bytes of In-System Self-Programmable Flash program memory
256/512/512/1K Bytes EEPROM

512/1K/1K/2K Bytes Internal SRAM

Write/Erase Cycles: 10,000 Flash/100,000 EEPROM

Data retention: 20 years at 85°C/100 years at 25°C

Optional Beot Code Section with Independent Lock Bits

In-System Programming by On-chip Boot Program

True Read-While-Write Operation

Programming Lock for Software Security

0 0 0O O o6 0O o O O

e Peripheral Features

Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode

One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
Real Time Counter with Separate Oscillator

Six PWM Channels

8-channel 10-bit ADC in TQFP and QFN/MLF package

Temperature Measurement

6-channel 10-bit ADC in PDIP Package

Temperature Measurement

Programmable Serial USART

© 0O 0O O 0O 0O o O O
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Master/Slave SPI Serial Interface

Byte-oriented 2-wire Serial Interface (Philips 12 C compatible)
Programmable Watchdog Timer with Separate On-chip Oscillator
On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

O O O O O

e Special Microcontroller Features

Power-on Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Six Sleep Modes:Idle, ADC Noise Reduction, Power-save, Power-down, Standby, and
Extended Standby

o O O O

¢ |/O and Packages

o 23 Programmable I/O Lines
o 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF

e Operating Voltage:
& 1.8-55V
* Temperature Range:
o. -40°Cto 85°C
e Speed Grade:
o 0-4MHz@1.8-5.5V,0-10 MHz@2.7-5.5.V,0-20 MHz @ 4.5 - 5.5V
e Power Consumption at 1 MHz, 1.8V, 25°C

o Active Mode: 0.2 mA
o Power-down Mode: 0.1 pA
o Power-save Mode: 0.75 pA (Including 32 kHz RTC)
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e Pin configuration

(PCINT14/RESET) PC6 [
(PCINT16/RXD) PDO [
(PCINT17/TXD) PD1 [}
(PCINT18/INTO) PD2 [

(PCINT19/0C2B/INT1) PD3 [
(PCINT20/XCK/T0) PD4 [}
vee O
GND [}
PB6 []
PB7 ]
PD5 []
PD6 []
PD7 [
PBO []

(PCINT6/XTAL1/TOSCH1
(PCINT7/XTAL2/TOSC2
(PCINT21/0COB/T1
(PCINT22/OCOA/AINO
(PCINT23/AIN1
(PCINTO/CLKO/ICP1

~r S o S e S

N O WON =

[ G S O S (o
A O N = O

28
27
26
25
24
23
22
21
20
19
18
17
16
15

] PC5 (ADC5/SCL/PCINT13)
1 PC4 (ADC4/SDA/PCINT12)
1 PC3 (ADC3/PCINT11)

1 PC2 (ADC2/PCINT10)

1 PC1 (ADC1/PCINT9)

1 PCO (ADCO/PCINTS)

1 GND

] AREF

] AVCC

] PB5 (SCK/PCINTS5)

] PB4 (MISO/PCINT4)

] PB3 (MOSI/OC2A/PCINT3)
] PB2 (SS/OC1B/PCINT2)

1 PB1 (OC1A/PCINT1)

ATMEGA16u2- mu-microcontroller

Is a 8-bit microcontroller used as USB driver in Arduino uno R3 it’s features as follow:

High Performance, Low Power AVR

¢ Advanced RISC Architecture

o O O O

125 Powerful Instructions — Most Single Clock Cycle Execution

32 x 8 General Purpose Working Registers

Fully Static Operation

Up to 16 MIPS Throughput at 16 MHz

* Non-volatile Program and Data Memories

0O O O O O

8K/16K/32K Bytes of In-System Self-Programmable Flash
512/512/1024 EEPROM

512/512/1024 Internal SRAM
Write/Erase Cycles: 10,000 Flash/ 100,000 EEPROM

Data retention: 20 years at 85°C/ 100 years at 25°C
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Optional Boot Code Section with Independent Lock Bits
In-System Programming by on-chip Boot Program hardware-activated after reset
Programming Lock for Software Security

e USB 2.0 Full-speed Device Module with Interrupt on Transfer Completion

© O O O ©O

Complies fully with Universal Serial Bus Specification REV 2.0
48 MHz PLL for Full-speed Bus Operation: data transfer rates at 12 Mbit/s
Fully independent 176 bytes USB DPRAM for endpoint memory allocation
Endpoint O for Control Transfers: from 8 up to 64-bytes
4 Programmable Endpoints:
— IN or Out Directions
— Bulk, Interrupt and Isochronous Transfers
—~ Programmable maximum packet size from 8.to 64 bytes
—  Programmable single or double buffer
Suspend/Resume Interrupts
Microcontroller reset on USB Bus Reset without detach
USB Bus Disconnection on Microcontroller Request

e Peripheral Features

o

o O O O ©O

One 8-bit Timer/Counters with Separate Prescaler and Compare Mode (two 8-bit PWM
channels)

One 16-bit Timer/Counter with Separate Prescaler, Compare and Capture Mode(three 8-
bit PWM channels)

USART with SPI master only mode and hardware flow control (RTS/CTS)

Master/Slave SPI Serial Interface

Programmable Watchdog Timer with Separate On-chip Oscillator

On-chip Analog Comparator

Interrupt and Wake-up on Pin Change

e On Chip Debug Interface (debug WIRE)

* Special Microcontroller Features

o O O O

Power-On Reset and Programmable Brown-out Detection

Internal Calibrated Oscillator

External and Internal Interrupt Sources

Five Sleep Modes: Idle, Power-save, Power-down, Standby, and Extended Standby

* |/O and Packages

@)
@)

22 Programmable I/O Lines
QFN32 (5x5mm) / TQFP32 packages
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e Operating Voltages
o 2.7-5.5V
¢ Operating temperature
o Industrial (-40°C to +85°C)
e Maximum Frequency
o 8 MHzat 2.7V -Industrial range

o 16 MHz at 4.5V - Industrial range

e Pin configuration

)
o
0
e 35
(&)
0Q 02
8 ., . 86338
50053424
o o o O O Y Y o
32313029 2827 26 25
XTAL1[| 1@ 24[] Reset (PC1/dwW)
(PCO) XTAL2[] 2 23[] PC6 (OC.1A / PCINT8)
GND ] 3 22[] PC7 (INT4/ICP1/ CLKO)
vcec [] 4 21[] PB7 (PCINT7/ OC.0A/ OC.1C)
(PCINT11 /AIN2 ) PC2 [| 5 TQFP32 20[] PB6 (PCINT6)
(OC.0B / INTO) PDO [ 6 19[] PB5 (PCINTS)
(AINO/INT1)PD1 [] 7 18[] PB4 (T1/PCINT4)
(RXD1/AIN1/INT2)PD2 [] 8 17 [] PB3 (PDO / MISO / PCINT3)
9 10111213141516
| S N S N N Sy - -
[s2] nw O~ oo — N
[a] E [ = R R w'a 2 s [y s
[ W W W o Wy « My s My o Y
SRS =N
z22Czzzzz
- = <0 00
- OO nod oo
QEXZE S 23
= w
e Z oy 2 |<£, k)
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OTHER ARDUINO UNO R3 PARTS
Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode (),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or
receive a maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of
20-50 k Ohms. In addition, some pins have specialized functions:

o Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These
pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

o External Interrupts: 2 and 3. These-pins can be configured to trigger an interrupt on a
low value, arising or falling.edge, or a change in value.

o PWM:3,5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.

o SPI: 10(SS), 11(MQSI), 12 (MISO), 13 (SCK). These pins support SPI communication
usingthe SPI library.

o LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value,
the LED is on, when the pin is LOW, it's off.

The Uno has 6 analog inputs, labeled AO through A5, each of which provide 10 bits of resolution
(i.e.1024 different values). By default they measure from ground to 5 volts, though is it possible
to change the upper end of their range using the AREF pin and the analogReference() function.
Additionally, some pins have specialized functionality:
e TWI:. A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire
library.
There are a couple of other pins on the board:
e AREF: Reference voltage for the analog inputs. Used with analogReference().
e Reset: Bring this line LOW to reset the microcontroller. Typically used to add a reset
button to shields which block the oneon the board.
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Click here for production status of specific part numbers.

DS18B20

General Description

The DS18B20 digital thermometer provides 9-bit to
12-bit Celsius temperature measurements and has an
alarm function with nonvolatile user-programmable upper
and lower trigger points. The DS18B20 communicates
over a 1-Wire bus that by definition requires only one
data line (and ground) for communication with a central
microprocessor. In addition, the DS18B20 can derive
power directly from the data line (“parasite power”),
eliminating the need for an external power supply.

Each DS18B20 has a unique 64-bit serial code, which
allows multiple DS18B20s to function on the same 1-Wire
bus. Thus, it is simple to use one microprocessor to
control many DS18B20s distributed over a large area.
Applications that can benefit from this feature include
HVAC environmental controls, temperature monitoring
systems inside buildings, equipment, or machinery, and
process monitoring and control systems.

Applications

e Thermostatic Controls
Industrial Systems
Consumer Products
Thermometers

Thermally Sensitive Systems

Ordering Information appears at end of data sheet.

1-Wire is a registered trademark of Maxim Integrated Products, Inc.

19-7487; Rev 6; 7/19

Programmable Resolution
1-Wire Digital Thermometer

Benefits and Features

e Unique 1-Wire® Interface Requires Only One Port
Pin for Communication

e Reduce Component Count with Integrated
Temperature Sensor and EEPROM
* Measures Temperatures from -55°C to +125°C
(-67°F to +257°F)
» 10.5°C Accuracy from -10°C to +85°C
+ Programmable Resolution from 9 Bits to 12 Bits
* No External Components Required

e Parasitic Power Mode Requires Only 2 Pins for
Operation (DQ and GND)

e Simplifies Distributed Temperature-Sensing
Applications with Multidrop Capability
» Each Device Has a Unique 64-Bit Serial Code
Stored in On-Board ROM

e Flexible User-Definable Nonvolatile (NV) Alarm Settings
with Alarm Search Command Identifies Devices with
Temperatures Outside Programmed Limits

e Available in 8-Pin SO (150 mils), 8-Pin ySOP, and
3-Pin TO-92 Packages

Pin Configurations

TOP VIEW
+
NG. [T 8 ] NC.
DS18B20 L] [ 8]
NC.| 2 DS18B20 7 | NC.
A%
Voo | 3 6 N.C.
pa[ 4 5 ] GND
SO (150 mils)
(DS18B202)
e\
U u U pa [[4][ + [8]] Voo
GND DQ V
= N [T2[) psygmao |[LZLINC
ve. (3T TelIne
o0 [T7]] TeTne
—
uSOP
BOTTOM VIEW (DS18B20U)
TO-92
(DS18B20)




DS18B20 Programmable Resolution
1-Wire Digital Thermometer

Absolute Maximum Ratings

Voltage Range on Any Pin Relative to Ground....-0.5V to +6.0V Storage Temperature Range............cccceveeiene -55°C to +125°C
Operating Temperature Range............ccccoeueeee. -55°C to +125°C Solder Temperature..........ccccceeeceenieene Refer to the IPC/JEDEC
J-STD-020 Specification.

These are stress ratings only and functional operation of the device at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods of time may affect reliability.

DC Electrical Characteristics
(-55°C to +125°C; Vpp = 3.0V to 5.5V)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Supply Voltage Vpp Local power (Note 1) +3.0 +5.5 \Y,
Parasite power +3.0 +5.5

Pullup Supply Voltage Vpy (Notes 1, 2) \Y
Local power +3.0 Vbbb
-10°C to +85°C 10.5

Thermometer Error tERR -30°C to +100°C (Note 3) +1 °C
-565°C to +125°C 2

Input Logic-Low VL (Notes 1, 4, 5) -0.3 +0.8 \%
Local power +2.2 The lower

Input Logic-High ViH (Notes 1,6) T of 5.5 or \%
Parasite power +3.0 Vpp + 0.3

Sink Current IL V)0 = 0.4V 4.0 mA

Standby Current IbDs (Notes 7, 8) 750 1000 nA

Active Current IpD Vpp = 5V (Note 9) 1 1.5 mA

DQ Input Current Ipq (Note 10) 5 MA

Drift (Note 11) 0.2 °C

Note 1:  All voltages are referenced to ground.

Note 2: The Pullup Supply Voltage specification assumes that the pullup device is ideal, and therefore the high level of the
pullup is equal to Vpy. In order to meet the V| spec of the DS18B20, the actual supply rail for the strong pullup transis-
tor must include margin for the voltage drop across the transistor when it is turned on; thus: Vpy actuaL = VPu IDEAL *
VTRANSISTOR-

Note 3: See typical performance curve in Figure 1. Thermometer Error limits are 3-sigma values.

Note 4: Logic-low voltages are specified at a sink current of 4mA.

Note 5: To guarantee a presence pulse under low voltage parasite power conditions, V| _max may have to be reduced to as low as
0.5V.

Note 6: Logic-high voltages are specified at a source current of 1mA.

Note 7:  Standby current specified up to +70°C. Standby current typically is 3pA at +125°C.

Note 8: To minimize Ipps, DQ should be within the following ranges: GND < DQ < GND + 0.3V or Vpp — 0.3V =DQ = Vpp.

Note 9: Active current refers to supply current during active temperature conversions or EEPROM writes.

Note 10: DQ line is high (“high-Z” state).

Note 11: Dirift data is based on a 1000-hour stress test at +125°C with Vpp = 5.5V.

www.maximintegrated.com Maxim Integrated | 2



DS18B20 Programmable Resolution

1-Wire Digital Thermometer

AC Electrical Characteristics—NV Memory
(-55°C to +125°C; Vpp = 3.0V to 5.5V)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
NV Write Cycle Time twRr 2 10 ms
EEPROM Writes Neewr | -55°C to +65°C 50k writes
EEPROM Data Retention tEEDR -565°C to +55°C 10 years
AC Electrical Characteristics
(-55°C to +125°C; Vpp = 3.0V to 5.5V)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
9-bit resolution 93.75
Temperature Conversion Time tconv ad VL 3T (Note 12) (Y ° ms
11-bit resolution 375
12-bit resolution 750
Time to Strong Pullup On tspoN Start convert T command issued 10 us
Time Slot tsLoT (Note 12) 60 120 us
Recovery Time tREC (Note 12) 1 us
Write O Low Time tLowo (Note 12) 60 120 us
Write 1 Low Time tLow1 (Note 12) 1 15 us
Read Data Valid trDV (Note 12) 15 us
Reset Time High tRSTH (Note 12) 480 us
Reset Time Low tRsSTL (Notes 12, 13) 480 us
Presence-Detect High trpHIGH | (Note 12) 15 60 us
Presence-Detect Low troLow | (Note 12) 60 240 us
Capacitance CIN/OUT 25 pF

Note 12: See the timing diagrams in Figure 2.
Note 13: Under parasite power, if trgTL > 960us, a power-on reset can occur.

0.5

DS18B20 TYPICAL ERROR CURVE

TEMPERATURE (°C)

04 }
S 03 +3s ERROR
o

02
2 4
01
& o
o
S 33 ERROR

-38

= 02 7—4
N -~ s
E o MEAN ERROR

-0.4 ‘

05 L

0 10 20 30 40 50 60 70

Figure 1. Typical Performance Curve
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Programmable Resolution
1-Wire Digital Thermometer

1-WIRE WRITE ZERO TIME SLOT
tstor | |
thec 1 | > ! START OF NEXT CYCLE
—> - | |
é 2 ; ; \ i‘ t.owo ‘/\—
1-WIRE READ ZERO TIME SLOT
- tstor >/ | START OF NEXT CYCLE
trec i i
| trov |
-
1-WIRE RESET PULSE
RESET PULSE FROM HOST
! trsTL } trsTH i
i PRESENCE DETECT |
1-WIRE PRESENCE DETECT i - i
-« ! !
} i‘ teoLow ‘i }
Figure 2. Timing Diagrams
Pin Description
PIN
NAME FUNCTION
SO uSOP TO-92
1,2,6, | 2,3,5, .
7.8 6,7 — N.C. No Connection
3 8 3 Vpp Optional Vpp. Vpp must be grounded for operation in parasite power mode.
4 1 2 DQ Data Input/Output. Open-drain 1-Wire interface pin. Also provides power to the
device when used in parasite power mode (see the Powering the DS18B20 section.)
5 4 1 GND Ground

www.maximintegrated.com
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Overview

Figure 3 shows a block diagram of the DS18B20, and
pin descriptions are given in the Pin Description table.
The 64-bit ROM stores the device’s unique serial code.
The scratchpad memory contains the 2-byte temperature
register that stores the digital output from the temperature
sensor. In addition, the scratchpad provides access to the
1-byte upper and lower alarm trigger registers (T and
TL) and the 1-byte configuration register. The configura-
tion register allows the user to set the resolution of the
temperature-to-digital conversion to 9, 10, 11, or 12 bits.
The TH, T, and configuration registers are nonvolatile
(EEPROM), so they will retain data when the device is
powered down.

The DS18B20 uses Maxim’s exclusive 1-Wire bus proto-
col that implements bus communication using one control
signal. The control line requires a weak pullup resistor
since all devices are linked to the bus via a 3-state or
open-drain port (the DQ pin in the case of the DS18B20).
In this bus system, the microprocessor (the master
device) identifies and addresses devices on the bus
using each device’s unique 64-bit code. Because each
device has a unique code, the number of devices that
can be addressed on one bus is virtually unlimited. The
1-Wire bus protocol, including detailed explanations of the
commands and “time slots,” is covered in the 7-Wire Bus
System section.

Another feature of the DS18B20 is the ability to oper-

ate without an external power supply. Power is instead
supplied through the 1-Wire pullup resistor through the

Programmable Resolution
1-Wire Digital Thermometer

DQ pin when the bus is high. The high bus signal also
charges an internal capacitor (Cpp), which then supplies
power to the device when the bus is low. This method of
deriving power from the 1-Wire bus is referred to as “para-
site power.” As an alternative, the DS18B20 may also be
powered by an external supply on Vpp.

Operation—Measuring Temperature

The core functionality of the DS18B20 is its direct-to-
digital temperature sensor. The resolution of the tempera-
ture sensor is user-configurable to 9, 10, 11, or 12 bits,
corresponding to increments of 0.5°C, 0.25°C, 0.125°C,
and 0.0625°C, respectively. The default resolution at
power-up is 12-bit. The DS18B20 powers up in a low-
power idle state. To initiate a temperature measurement
and A-to-D conversion, the master must issue a Convert
T [44h] command. Following the conversion, the resulting
thermal data is stored in the 2-byte temperature register
in the scratchpad memory and the DS18B20 returns to its
idle state. If the DS18B20 is powered by an external sup-
ply, the master can issue “read time slots” (see the 7-Wire
Bus System section) after the Convert T command and
the DS18B20 will respond by transmitting O while the tem-
perature conversion is in progress and 1 when the con-
version is done. If the DS18B20 is powered with parasite
power, this notification technique cannot be used since
the bus must be pulled high by a strong pullup during the
entire temperature conversion. The bus requirements for
parasite power are explained in detail in the Powering the
DS18B20 section.

Veu
47kQ PARASITE POWER CIRCUIT

« DQ )

)] hd L

GND INTERNAL Voo
3| o i
Voo POWER- R
y SUPPLY SENSE >

P MEMORY
= 7| CONTROL LOGIC DS18B20
_ TEMPERATURE
h SENSOR
_ | ALARMHIGH TRIGGER (T4)
64-BIT ROM >
AND 1-Wire REGISTER (EEPROM)

PORT ALARM LOW TRIGGER (T

SCRATCHPAD = REGISTER (EEPROM)

\

CONFIGURATION
REGISTER (EEPROM)

A
\

8-BIT CRC
GENERATOR

A
\/

Figure 3. DS18B20 Block Diagram
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The DS18B20 output temperature data is calibrated in
degrees Celsius; for Fahrenheit applications, a lookup
table or conversion routine must be used. The tempera-
ture data is stored as a 16-bit sign-extended two’s comple-
ment number in the temperature register (see Figure 4).
The sign bits (S) indicate if the temperature is positive
or negative: for positive numbers S = 0 and for negative
numbers S = 1. If the DS18B20 is configured for 12-bit
resolution, all bits in the temperature register will contain
valid data. For 11-bit resolution, bit 0 is undefined. For
10-bit resolution, bits 1 and 0 are undefined, and for 9-bit
resolution bits 2, 1, and 0 are undefined. Table 1 gives
examples of digital output data and the corresponding
temperature reading for 12-bit resolution conversions.

Programmable Resolution
1-Wire Digital Thermometer

Operation—Alarm Signaling

After the DS18B20 performs a temperature conversion,
the temperature value is compared to the user-defined
two’s complement alarm trigger values stored in the
1-byte T and T|_ registers (see Figure 5). The sign bit (S)
indicates if the value is positive or negative: for positive
numbers S = 0 and for negative numbers S = 1. The Ty
and T registers are nonvolatile (EEPROM) so they will
retain data when the device is powered down. Ty and T
can be accessed through bytes 2 and 3 of the scratchpad
as explained in the Memory section.

Only bits 11 through 4 of the temperature register are
used in the Ty and T comparison since TH and T are
8-bit registers. If the measured temperature is lower than

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
tsBYTE | [ [ . | F2Z iy e Q220 0V \&' Dl 2255y v 28 oh \2¢ |
BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT 9 BIT 8
msBYTE [ | 5=~ [V Bkiibiatdis\an 1Y/ SN Sl @/pdaddliivog™ € b4 |
S =SIGN
Figure 4. Temperature Register Format
Table 1. Temperature/DataRelationship
& DIGITAL OUTPUT DIGITAL OUTPUT
TEMPERATURE (°C) (BINARY) (HEX)
+125 0000 0111 1101 0000 07DOh
+85* 0000 0101 0101 0000 0550h
+25.0625 0000 0001 1001 0001 0191h
+10.125 0000 0000 1010 0010 00A2h
+0.5 0000 0000 0000 1000 0008h
0 0000 0000 0000 0000 0000h
-0.5 1111 1111 1111 1000 FFF8h
-10.125 11111111 0101 1110 FF5Eh
-25.0625 1111 1110 0110 1111 FE6Fh
-55 1111 1100 1001 0000 FC90h
*The power-on reset value of the temperature register is +85°C.
BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
S 26 25 24 23 22 21 20

Figure 5. Ty and T, Register Format

www.maximintegrated.com
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or equal to T|_ or higher than or equal to T, an alarm con-
dition exists and an alarm flag is set inside the DS18B20.
This flag is updated after every temperature measure-
ment; therefore, if the alarm condition goes away, the flag
will be turned off after the next temperature conversion.

The master device can check the alarm flag status of
all DS18B20s on the bus by issuing an Alarm Search
[ECh] command. Any DS18B20s with a set alarm flag will
respond to the command, so the master can determine
exactly which DS18B20s have experienced an alarm
condition. If an alarm condition exists and the TH or T
settings have changed, another temperature conversion
should be done to validate the alarm condition.

Powering the DS18B20

The DS18B20 can be powered by an external supply on
the Vpp pin, or it can operate in “parasite power” mode,
which allows the DS18B20 to function without a local
external supply. Parasite power is very useful for applica-
tions that require remote temperature sensing or that are
very space constrained. Figure 3 shows the DS18B20’s
parasite-power control circuitry, which “steals” power from
the 1-Wire bus via the DQ pin when the bus is high. The
stolen charge powers the DS18B20 while the bus is high,
and some of the charge is stored on the parasite power
capacitor (Cpp) to provide power when the bus is low.
When the DS18B20 is used in parasite power mode, the
Vpp pin must be connected to ground.

In parasite power mode, the 1-Wire bus and CPP can pro-
vide sufficient current to the DS18B20 for most operations
as long as the specified timing and voltage requirements
are met (see the DC Electrical Characteristics and AC
Electrical Characteristics). However, when the DS18B20
is performing temperature conversions or copying data
from the scratchpad memory to EEPROM, the operating
current can be as high as 1.5mA. This current can cause
an unacceptable voltage drop across the weak 1-Wire
pullup resistor and is more current than can be supplied

Programmable Resolution
1-Wire Digital Thermometer

by Cpp. To assure that the DS18B20 has sufficient supply
current, it is necessary to provide a strong pullup on the
1-Wire bus whenever temperature conversions are tak-
ing place or data is being copied from the scratchpad to
EEPROM. This can be accomplished by using a MOSFET
to pull the bus directly to the rail as shown in Figure 6. The
1-Wire bus must be switched to the strong pullup within
10us (max) after a Convert T [44h] or Copy Scratchpad
[48h] command is issued, and the bus must be held high
by the pullup for the duration of the conversion (tcony)
or data transfer (tyyr = 10ms). No other activity can take
place on the 1-Wire bus while the pullup is enabled.

The DS18B20 can also be powered by the conventional
method of connecting an external power supply to the
Vpp pin, as shown in Figure 7. The advantage of this
method is that the MOSFET pullup is not required, and
the 1-Wire bus is free to carry other traffic during the tem-
perature conversion time.

The use of parasite power is not recommended for tem-
peratures above +100°C since the DS18B20 may not be
able to sustain communications due to the higher leak-
age currents that can exist at these temperatures. For
applications in which such temperatures are likely, it is
strongly recommended that the DS18B20 be powered by
an external power supply.

In some situations the bus master may not know whether
the DS18B20s on the bus are parasite powered or pow-
ered by external supplies. The master needs this informa-
tion to determine if the strong bus pullup should be used
during temperature conversions. To get this information,
the master can issue a Skip ROM [CCh] command fol-
lowed by a Read Power Supply [B4h] command followed
by a “read time slot”. During the read time slot, parasite
powered DS18B20s will pull the bus low, and externally
powered DS18B20s will let the bus remain high. If the
bus is pulled low, the master knows that it must supply
the strong pullup on the 1-Wire bus during temperature
conversions.

Vey

DS18B20

GND DQ Voo

P ]
4.7kQ

1-Wire BUS TO OTHER
- - 1-Wire DEVICES

DS18B20
Voo (EXTERNAL
Vey GND DQ Vm DDS(UPPLY)
WP
4.7kQ
1-Wire BUS TO OTHER
1-Wire DEVICES

Figure 6. Supplying the Parasite-Powered DS18B20 During
Temperature Conversions
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64-BIT Lasered ROM code

Each DS18B20 contains a unique 64—bit code (see Figure
8) stored in ROM. The least significant 8 bits of the ROM
code contain the DS18B20’s 1-Wire family code: 28h. The
next 48 bits contain a unique serial number. The most
significant 8 bits contain a cyclic redundancy check (CRC)
byte that is calculated from the first 56 bits of the ROM
code. A detailed explanation of the CRC bits is provided
in the CRC Generation section. The 64-bit ROM code and
associated ROM function control logic allow the DS18B20
to operate as a 1-Wire device using the protocol detailed
in the 7-Wire Bus System section.

Memory

The DS18B20’s memory is organized as shown in Figure
9. The memory consists of an SRAM scratchpad with
nonvolatile EEPROM storage for the high and low alarm
trigger registers (TH and T|) and configuration register.
Note that if the DS18B20 alarm function is not used,
the TH and TL registers can serve as general-purpose
memory. All memory commands are described in detail in
the DS18B20 Function Commands section.

Byte 0 and byte 1 of the scratchpad contain the LSB and
the MSB of the temperature register, respectively. These
bytes are read-only. Bytes 2 and 3 provide access to TH
and TL registers. Byte 4 contains the configuration regis-

Programmable Resolution
1-Wire Digital Thermometer

ter data, which is explained in detail in the Configuration
Register section. Bytes 5, 6, and 7 are reserved for inter-
nal use by the device and cannot be overwritten.

Byte 8 of the scratchpad is read-only and contains the
CRC code for bytes 0 through 7 of the scratchpad.
The DS18B20 generates this CRC using the method
described in the CRC Generation section.

Data is written to bytes 2, 3, and 4 of the scratchpad using
the Write Scratchpad [4Eh] command; the data must be
transmitted to the DS18B20 starting with the least signifi-
cant bit of byte 2. To verify data integrity, the scratchpad
can be read (using the Read Scratchpad [BEh] command)
after the data is written. When reading the scratchpad,
data is transferred over the 1-Wire bus starting with the
least significant bit of byte 0. To transfer the Ty, T|_ and
configuration data from the scratchpad to EEPROM, the
master must issue the Copy Scratchpad [48h] command.

Data in the EEPROM registers is retained when the
device is powered down; at power-up the EEPROM data
is reloaded into the corresponding scratchpad locations.
Data can also be reloaded from EEPROM to the scratch-
pad at any time using the Recall E2 [B8h] command. The
master can issue read time slots following the Recall E2
command and the DS18B20 will indicate the status of the
recall by transmitting O while the recall is in progress and
1 when the recall is done.

8-BIT CRC 48-BIT SERIAL NUMBER 8-BIT FAMILY CODE (28h) |
MSB LSB MSB LSB MSB LSB
Figure 8. 64-Bit Lasered ROM Code
SCRATCHPAD
(POWER-UP STATE)

BYTEO | TEMPERATURE LSB (50h) .

BYTE1 | TEMPERATURE MSB (05h) }(85 9 7 EEPROM

BYTE2 | TyREGISTER OR USER BYTE 1* < » T4REGISTER OR USER BYTE 1*

BYTE3 | TLREGISTER OR USERBYTE 2* - » T REGISTER OR USER BYTE 2*

BYTE4 | CONFIGURATION REGISTER* - » CONFIGURATION REGISTER*

BYTE5 | RESERVED (FFh)

BYTE6 | RESERVED

BYTE7 | RESERVED (10h)

BYTE8 | CRC*

*POWER-UP STATE DEPENDS ON VALUE(S) STORED IN EEPROM.

Figure 9. DS18B20 Memory Map

www.maximintegrated.com
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Configuration Register

Byte 4 of the scratchpad memory contains the configura-
tion register, which is organized as illustrated in Figure 10.
The user can set the conversion resolution of the DS18B20
using the RO and R1 bits in this register as shown in Table
2. The power-up default of these bits is RO = 1 and R1 =
1 (12-bit resolution). Note that there is a direct tradeoff
between resolution and conversion time. Bit 7 and bits 0 to
4 in the configuration register are reserved for internal use
by the device and cannot be overwritten.

CRC Generation

CRC bytes are provided as part of the DS18B20’s 64-bit
ROM code and in the 9th byte of the scratchpad memory.
The ROM code CRC is calculated from the first 56 bits
of the ROM code and is contained in the most significant
byte of the ROM. The scratchpad CRC is calculated from
the data stored in the scratchpad, and therefore it chang-
es when the data in the scratchpad changes. The CRCs
provide the bus master with a method of data validation
when data is read from the DS18B20. To verify that data
has been read correctly, the bus master must re-calculate
the CRC from the received data and then compare this
value to either the ROM code CRC (for ROM reads) or
to the scratchpad CRC (for scratchpad reads). If the cal-
culated CRC matches the read CRC, the data has been

Programmable Resolution
1-Wire Digital Thermometer

received error free. The comparison of CRC values and
the decision to continue with an operation are determined
entirely by the bus master. There is no circuitry inside the
DS18B20 that prevents a command sequence from pro-
ceeding if the DS18B20 CRC (ROM or scratchpad) does
not match the value generated by the bus master.

The equivalent polynomial function of the CRC (ROM or
scratchpad) is:

CRC = X8 + X5 + X4 + 1

The bus master can re-calculate the CRC and compare it
to the CRC values from the DS18B20 using the polyno-
mial generator shown in Figure 11. This circuit consists
of a shift register and XOR gates, and the shift register
bits are initialized to 0. Starting with the least significant
bit of the ROM code or the least significant bit of byte 0
in the scratchpad, one bit at a time should shifted into the
shift register. After shifting in the 56th bit from the ROM or
the most significant bit of byte 7 from the scratchpad, the
polynomial generator will contain the recalculated CRC.
Next, the 8-bit ROM code or scratchpad CRC from the
DS18B20 must be shifted into the circuit. At this point, if
the re-calculated CRC was correct, the shift register will
contain all Os. Additional information about the Maxim
1-Wire cyclic redundancy check is available in Application
Note 27: Understanding and Using Cyclic Redundancy
Checks with Maxim iButton Products.

BIT 7 BIT 6 BIT 5 BIT 4

BIT 3 BIT 2 BIT 1 BIT 0

| 0 | R1 | RO | 1

Figure 10. Configuration Register

Table 2. Thermometer:Resolution Configuration

RESOLUTION
R1 RO BITS) MAX CONVERSION TIME
0 0 9 93.75ms (tconv/8)
0 1 10 187.5ms (tconv/4)
1 0 11 375ms (tconv/2)
1 1 12 750ms (tcony)

INPUT

MSB

LSB

Figure 11. CRC Generator

www.maximintegrated.com
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1-Wire Bus System

The 1-Wire bus system uses a single bus master to con-
trol one or more slave devices. The DS18B20 is always a
slave. When there is only one slave on the bus, the sys-
tem is referred to as a “single-drop” system; the system is
“multidrop” if there are multiple slaves on the bus.

All data and commands are transmitted least significant
bit first over the 1-Wire bus.

The following discussion of the 1-Wire bus system is
broken down into three topics: hardware configuration,
transaction sequence, and 1-Wire signaling (signal types
and timing).

Hardware Configuration

The 1-Wire bus has by definition only a single data line.
Each device (master or slave) interfaces to the data line
via an open-drain or 3-state port. This allows each device
to “release” the data line when the device is not transmit-
ting data so the bus is available for use by another device.
The 1-Wire port of the DS18B20 (the DQ pin) is open
drain with an internal circuit equivalent to that shown in
Figure 12.

The 1-Wire bus requires an external pullup resistor of
approximately 5kQ; thus, the idle state for the 1-Wire
bus is high. If for any reason a transaction needs to be
suspended, the bus MUST be left in the idle state if the
transaction is to resume. Infinite recovery time can occur
between bits so long as the 1-Wire bus is in the inactive
(high) state during the recovery period. If the bus is held
low for more than 480us, all components on the bus will
be reset.

Vey

4.7k0§
1-WIREBUS DQ

DS18B20
1-WIRE PORT

5uA
TYP 1000

MOSFET

Rx=RECEIVE
Tx=TRANSMIT

i

Figure 12. Hardware Configuration
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Transaction Sequence

The transaction sequence for accessing the DS18B20 is
as follows:

Step 1. Initialization
Step 2. ROM Command (followed by any required data
exchange)

Step 3. DS18B20 Function Command (followed by any
required data exchange)

It is very important to follow this sequence every time the
DS18B20 is accessed, as the DS18B20 will not respond
if any steps in the sequence are missing or out of order.
Exceptions to this rule are the Search. ROM [FOh] and
Alarm Search [ECh] commands. After issuing either of
these ROM commands, the master must return to Step 1
in the sequence.

Initialization

All transactions on the 1-Wire bus begin with an initializa-
tion sequence. The initialization sequence consists of a
reset pulse transmitted by the bus master followed by
presence pulse(s) transmitted by the slave(s). The pres-
ence pulse lets the bus master know that slave devices
(such as the DS18B20) are on the bus and are ready
to operate. Timing for the reset and presence pulses is
detailed in the 7-Wire Signaling section.

ROM Commands

After the bus master has detected a presence pulse, it
can issue a ROM command. These commands operate
on the unique 64-bit ROM codes of each slave device
and allow the master to single out a specific device if
many are present on the 1-Wire bus. These commands
also allow the master to determine how many and what
types of devices are present on the bus or if any device
has experienced an alarm condition. There are five ROM
commands, and each command is 8 bits long. The master
device must issue an appropriate ROM command before
issuing a DS18B20 function command. A flowchart for
operation of the ROM commands is shown in Figure 13.

Search Rom [FOh]

When a system is initially powered up, the master must
identify the ROM codes of all slave devices on the bus,
which allows the master to determine the number of
slaves and their device types. The master learns the
ROM codes through a process of elimination that requires
the master to perform a Search ROM cycle (i.e., Search
ROM command followed by data exchange) as many
times as necessary to identify all of the slave devices.

Maxim Integrated | 10
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If there is only one slave on the bus, the simpler Read
ROM [33h] command can be used in place of the Search
ROM process. For a detailed explanation of the Search
ROM procedure, refer to Application Note 937: Book of
iButton® Standards. After every Search ROM cycle, the
bus master must return to Step 1 (Initialization) in the
transaction sequence.

Read Rom [33h]

This command can only be used when there is one slave
on the bus. It allows the bus master to read the slave’s
64-bit ROM code without using the Search ROM proce-
dure. If this command is used when there is more than
one slave present on the bus, a data collision will occur
when all the slaves attempt to respond at the same time.

Match Rom [55H]

The match ROM command followed by a 64-bit ROM
code sequence allows the bus master to address a
specific slave device on a multidrop or single-drop bus.
Only the slave that exactly matches the 64-bit ROM code
sequence will respond to the function command issued
by the master; all other slaves on the bus will wait for a
reset pulse.

Skip Rom [CCh]

The master can use this command to address all devices
on the bus simultaneously without sending out any ROM
code information. For example, the master can make all
DS18B20s on the bus perform simultaneous temperature
conversions by issuing a Skip ROM command followed by
a Convert T [44h] command.

Note that the Read Scratchpad [BEh] command can
follow the Skip ROM command only if there is a single
slave device on the bus. In this case, time is saved by
allowing the master to read from the slave without send-
ing the device’s 64-bit ROM code. A Skip ROM command
followed by a Read Scratchpad command will cause
a data collision on the bus if there is more than one
slave since multiple devices will attempt to transmit data
simultaneously.

Alarm Search [ECh]

The operation of this command is identical to the operation
of the Search ROM command except that only slaves with
a set alarm flag will respond. This command allows the
master device to determine if any DS18B20s experienced
an alarm condition during the most recent temperature
conversion. After every Alarm Search cycle (i.e., Alarm
Search command followed by data exchange), the bus

iButton is a registered trademark of Maxim Integrated Products, Inc.
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master must return to Step 1 (Initialization) in the transac-
tion sequence. See the Operation—Alarm Signaling sec-
tion for an explanation of alarm flag operation.

DS18B20 Function Commands

After the bus master has used a ROM command to
address the DS18B20 with which it wishes to communi-
cate, the master can issue one of the DS18B20 function
commands. These commands allow the master to write
to and read from the DS18B20’s scratchpad memory,
initiate temperature conversions and determine the power
supply mode. The DS18B20 function commands, which
are described below, are summarized in Table 3 and illus-
trated by the flowchart in Figure 14.

Convert T [44h]

This command initiates a single temperature conversion.
Following the conversion, the resulting thermal data is
stored in the 2-byte temperature register in the scratch-
pad memory and the DS18B20 returns to its low-power
idle state. If the device is being used in parasite power
mode, within 10us (max) after this command is issued
the master must enable a strong pullup on the 1-Wire bus
for the duration of the conversion (tcony) as described
in the Powering the DS18B20 section. If the DS18B20 is
powered by an external supply, the master can issue read
time slots after the Convert T command and the DS18B20
will respond by transmitting a 0 while the temperature
conversion is in progress and a 1 when the conversion is
done. In parasite power mode this notification technique
cannot be used since the bus is pulled high by the strong
pullup during the conversion.

Write Scratchpad [4Eh]

This command allows the master to write 3 bytes of data
to the DS18B20’s scratchpad. The first data byte is written
into the Ty register (byte 2 of the scratchpad), the second
byte is written into the T_ register (byte 3), and the third
byte is written into the configuration register (byte 4). Data
must be transmitted least significant bit first. All three
bytes MUST be written before the master issues a reset,
or the data may be corrupted.

Read Scratchpad [BEh]

This command allows the master to read the contents of
the scratchpad. The data transfer starts with the least sig-
nificant bit of byte 0 and continues through the scratchpad
until the 9th byte (byte 8 — CRC) is read. The master may
issue a reset to terminate reading at any time if only part
of the scratchpad data is needed.

Maxim Integrated | 11
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Copy Scratchpad [48h]

This command copies the contents of the scratchpad
TH, TL and configuration registers (bytes 2, 3 and 4) to
EEPROM. If the device is being used in parasite power
mode, within 10us (max) after this command is issued the
master must enable a strong pullup on the 1-Wire bus for
at least 10ms as described in the Powering the DS18B20
section.

Recall E2 [B8h]

This command recalls the alarm trigger values (TH and
TL) and configuration data from EEPROM and places the
data in bytes 2, 3, and 4, respectively, in the scratchpad
memory. The master device can issue read time slots

Table 3. DS18B20 Function Command-Set

Programmable Resolution
1-Wire Digital Thermometer

following the Recall E2 command and the DS18B20 will
indicate the status of the recall by transmitting 0 while the
recall is in progress and 1 when the recall is done. The
recall operation happens automatically at power-up, so
valid data is available in the scratchpad as soon as power
is applied to the device.

Read Power Supply [B4h]

The master device issues this command followed by a
read time slot to determine if any DS18B20s on the bus
are using parasite power. During the read time slot, para-
site powered DS18B20s will pull the bus low, and exter-
nally powered DS18B20s will let the bus remain high. See
the Powering the DS18B20 section for usage information
for this command.

1-Wire BUS ACTIVITY AFTER
COMMAND DESCRIPTION PROTOCOL COMMAND IS ISSUED NOTES
TEMPERATURE CONVERSION COMMANDS
DS18B20 transmits conversion status
Convert T Initiates temperature conversion. 44h to master (not applicable for parasite- 1
powered DS18B20s).
MEMORY COMMANDS
Read Reads the entire scratchpad including the BEh DS18B20 transmits up to 9 data bytes 9
Scratchpad CRC byte. to master.
Write Writes data into scratchpad bytes 2, 3, and 4Eh Master transmits 3 data bytes to 3
Scratchpad 4 (TH, T, and configuration registers). DS18B20.
Copy Copies Ty, T, and configuration register 48h 3 1
Scratchpad data from the scratchpad to EEPROM.
Recall E2 Recalls Ty, T|, and configuration register B8h DS18B20 transmits recall status to
data from EEPROM to the scratchpad. master.
Read Power | Signals DS18B20 power supply mode to B4h DS18B20 transmits supply status to
Supply the master. master.

Note 1: For parasite-powered DS18B20s, the master must enable a strong pullup on the 1-Wire bus during temperature conver-
sions and copies from the scratchpad to EEPROM. No other bus activity may take place during this time.
Note 2: The master can interrupt the transmission of data at any time by issuing a reset.

Note 3: All three bytes must be written before a reset is issued.

www.maximintegrated.com
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| |
! | MASTERTXRESETPULSE  |«—
| INITIALIZATION 7 \
| SEQUENCE !
| |
| |

| DS18B20 Tx PRESENCE PULSE |

l MASTER TxROM COMMAND ’

FOh
SEARCH ROM
COMMAND

33h READ
ROM
COMMAND

ECh
ALARM SEARCH
COMMAND

CCh
SKIP ROM
COMMAND

DS18B20 Tx BIT 0

DS18B20 Tx BIT 0

DS18B20 TxBIT 0 DS18B20 TxBIT 0
MASTER Tx BIT 0 MASTER TX BIT 0

l l

DEVICE(S) N
BITO
WITH ALARM >
MATCH? FLAG SET ?
Y
DS$18B20 TX
FAMILY CODE 1
BYTE
y
[ DS18B20 Tx BIT 1
DS18B20 Tx DS18B20 Tx BIT 1
SERIAL NUMBER
6 BYTES MASTER Tx BIT 1
DS18B20 Tx N
CRCBYTE
Y
DS18B20 Tx BIT 63
DS18B20 Tx BIT 63
MASTER Tx BIT 63
BIT 63
MATCH?

MASTER Tx FUNCTION
COMMAND (FIGURE 14)

Figure 13. ROM Commands Flowchart
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Bgh
RECALL E2?
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Figure 14. DS18B20 Function Commands Flowchart
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1-Wire Signaling

The DS18B20 uses a strict 1-Wire communication pro-
tocol to ensure data integrity. Several signal types are
defined by this protocol: reset pulse, presence pulse, write
0, write 1, read 0, and read 1. The bus master initiates all
these signals, with the exception of the presence pulse.

Initialization Procedure—Reset’And
Presence Pulses

All communication with the DS18B20 begins with an ini-
tialization sequence that consists of a reset pulse from the
master followed by a presence pulse from the DS18B20.
This is illustrated in Figure 15. When the DS18B20 sends
the presence pulse in response to the reset, it is indicating
to the master that it is'on the bus and ready to operate.

During the initialization sequence the bus master trans-
mits (Tx) the reset pulse by pulling the 1-Wire bus low
for a minimum of 480us. The bus master then releases
the bus and goes into receive mode (Rx). When the bus
is released, the 5kQ pullup resistor pulls the 1-Wire bus
high. When the DS18B20 detects this rising edge, it waits
15us to 60us and then transmits a presence pulse by pull-
ing the 1-Wire bus low for 60us to 240us.

Programmable Resolution
1-Wire Digital Thermometer

Read/Write Time Slots

The bus master writes data to the DS18B20 during write
time slots and reads data from the DS18B20 during read
time slots. One bit of data is transmitted over the 1-Wire
bus per time slot.

Write.Time=Slots

There are two types of write time slots: “Write 1” time slots
and “Write 0” time slots. The bus master uses a Write 1
time slot to write a logic 1 to the DS18B20 and a Write
0 time slot to write a logic 0 to the DS18B20. All write
time slots must be a minimum of 60us in duration with a
minimum of a 1us recovery time between individual write
slots. Both types of write time slots are initiated by the
master pulling the 1-Wire bus low (see Figure 14).

To generate a Write 1 time slot, after pulling the 1-Wire
bus low, the bus master must release the 1-Wire bus
within 15us. When the bus is released, the 5kQ pullup
resistor will pull the bus high. To generate a Write 0 time
slot, after pulling the 1-Wire bus low, the bus master must
continue to hold the bus low for the duration of the time
slot (at least 60us).

The DS18B20 samples the 1-Wire bus during a window
that lasts from 15us to 60us after the master initiates the
write time slot. If the bus is high during the sampling win-
dow, a 1 is written to the DS18B20. If the line is low, a 0
is written to the DS18B20.

! MASTER Tx RESET PULSE ‘ MASTER Rx ‘
! 480ps MINIMUM | 480ps MINIMUM |
) DS18B20 _ _ | T
‘ A ¢—  DS18B20 TXPRESENCE | w
3 WAITS 15-60us i 2 PULSE 60-240S 3 i
Vru ‘ : : :
I
I
1-Wire BUS 3
GND
LINE TYPE LEGEND
BUS MASTER PULLING LOW
DS18B20 PULLING LOW
RESISTOR PULLUP

Figure 15. Initialization Timing
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i — l€— 1us<Trec< MASTER WRITE “1” SLOT
i 60us < Tx “0” < 120ps i !
}: =} i ‘
i i —M: :u— 1us
Vey ‘
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GND '
I
i DS18B20 SAMPLES ; DS18B20 SAMPLES
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i MIN TYP MAX ' MIN TYP MAX
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i 15us | 15us 1 30us 1 i 15us | 15us 1 30us 1
PPt P S &~ FumEm v L P
! ! ! : ! 3 ! :
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I
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| | |
i —> :N— 1ps < Trec < =
I
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GND ‘_ ! ‘
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>1ps TP - |
| | | | '
} 15us 3 45us | i 15us |
e — P — 3 —F (R ALpS g0 ——
} i i i i
| | i i |
LINE TYPE LEGEND
BUS MASTER PULLING LOW DS18B20 PULLING LOW RESISTOR PULLUP

Figure 16. Read/Write Time Slot Timing Diagram

Read Time Slots

The DS18B20 can only transmit data to the master when
the master issues read time slots. Therefore, the master
must generate read time slots immediately after issuing
a Read Scratchpad [BEh] or Read Power Supply [B4h]
command, so that the DS18B20 can provide the request-
ed data. In addition, the master can generate read time
slots after issuing Convert T [44h] or Recall EZ [B8h] com-
mands to find out the status of the operation as explained
in the DS18B20 Function Commands section.

All read time slots must be a minimum of 60us in duration
with a minimum of a 1us recovery time between slots. A
read time slot is initiated by the master device pulling the
1-Wire bus low for a minimum of 1us and then releasing
the bus (see Figure 16). After the master initiates the

www.maximintegrated.com

read time slot, the DS18B20 will begin transmitting a 1
or 0 on bus. The DS18B20 transmits a 1 by leaving the
bus high and transmits a 0 by pulling the bus low. When
transmitting a 0, the DS18B20 will release the bus by the
end of the time slot, and the bus will be pulled back to
its high idle state by the pullup resister. Output data from
the DS18B20 is valid for 15us after the falling edge that
initiated the read time slot. Therefore, the master must
release the bus and then sample the bus state within
15us from the start of the slot.

Figure 17 illustrates that the sum of TyjT, TRC, and
TsampPLE must be less than 15us for a read time slot.
Figure 18 shows that system timing margin is maximized
by keeping T|njT and Trc as short as possible and by
locating the master sample time during read time slots
towards the end of the 15us period.
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Vey

VIH OF MASTER
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| ! | |
L Tiwr > 18 < Tre i MASTER SAMPLES |
I
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Figure 17. Detailed Master Read 1 Timing
Vey
VIH OF MASTER
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GND
i Tnt= | Tre= | i
| SMALL | SMALL | MASTER SAMPLES !
| !
I I I
i ‘ : 15us i
e >
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Figure 18. Recommended Master Read 1 Timing

Related Application Notes

The  following application notes  can be
applied to the DS18B20 and are available at
www.maximintegrated.com.

Application Note 27: Understanding and Using Cyclic
Redundancy Checks with Maxim iButton Products
Application Note 122: Using Dallas’ 1-Wire ICs in 1-Cell
Li-lon Battery Packs with Low-Side N-Channel Safety
FETs Master

Application Note 126: 1-Wire Communication Through
Software

www.maximintegrated.com

Application Note 162: Interfacing the DS18x20/DS1822
1-Wire Temperature Sensor in a Microcontroller
Environment

Application Note 208: Curve Fitting the Error of a
Bandgap-Based Digital Temperature Sensor

Application Note 2420: 1-Wire Communication with a
Microchip PICmicro Microcontroller

Application Note 3754: Single-Wire Serial Bus Carries
Isolated Power and Data

Sample 1-Wire subroutines that can be used in conjunc-
tion with Application Note 74: Reading and Writing iBut-
tons via Serial Interfaces can be downloaded from the
Maxim website.
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DS18B20 Operation Example 1

In this example there are multiple DS18B20s on the bus
and they are using parasite power. The bus master initi-
ates a temperature conversion in a specific DS18B20 and
then reads its scratchpad and recalculates the CRC to

verify the data.

Programmable Resolution
1-Wire Digital Thermometer

DS18B20 Operation Example 2

In this example there is only one DS18B20 on the bus and
it is using parasite power. The master writes to the TH, TL,
and configuration registers in the DS18B20 scratchpad
and then reads the scratchpad and recalculates the CRC
to verify the data. The master then copies the scratchpad
contents to EEPROM.

www.maximintegrated.com

MASTER DATA
MODE | (LSB FIRST) COPN=as MASTER | DATA (LSB
MODE FIRST COMMENTS
Tx Reset Master issues reset pulse. )
N oroconce DS18B20s respond with Tx Reset Master issues reset pulse.
presence pulse. Rx Presence DS18B20 responds with
T 55h Master issues Match ROM Prosence Ry
X command. Master issues Skip ROM
Tx CCh d
T 64-bit ROM | Master sends DS18B20 ROM command.
X code code. Tx 4Eh Master issues Write Scratchpad
Tx 44h Master issues Convert T [RUgrand.
command. Master sends three data bytes
DQ line Master applies strong pullup Tx 3 data bytes | to st(n:ratchpad (TH, T, and
Tx held high by | to DQ for the duration of the aanfiy),
strong pullup | conversion (tconv)- Tx Reset Master issues reset pulse.
Tx Reset Master issues reset pulse. Rx P sondd DS18B20 responds with
N orosonce | DS18B20s respond with PGEERST pulst:
presence pulse. Tx cch Master issues Skip ROM
T 55h Master issues Match ROM cogl s
X command. Tx BEh Master issues Read Scratchpad
- 64-bit ROM | Master sends DS18B20 ROM command
code code. Master reads entire scratchpad
T BEh Master issues Read Scratchpad including CRC. The master then
X command. recalculates the CRC of the
first eight data bytes from the
Master reads entire scratchpad Rx 9 data bytes | scratchpad and compares the
including CRC. The master then calculated CRC with the read
recalculates the CRC of the CRC (byte 9). If they match,
first eight data bytes from the the master continues; if not, the
Rx 9 data bytes | scratchpad and compares the read operation is repeated.
calculated CRC with the read
CRC (byte 9). If they match, Tx Reset Master issues reset pulse.
the master continues; if not, the DS18B20 responds with
read operation is repeated. Rx Presence presence pulse.
Tx cch Master issues Skip ROM
command.
Tx 48h Master issues Copy Scratchpad
command.
DQ line Master applies strong pullup to
Tx held high by | DQ for at least 10ms while copy
strong pullup | operation is in progress.

Maxim Integrated | 18



DS18B20

Ordering Information

Programmable Resolution
1-Wire Digital Thermometer

PART TEMP RANGE PIN-PACKAGE TOP MARK
DS18B20 -565°C to +125°C 3 TO-92 18B20
DS18B20+ -65°C to +125°C 3 TO-92 18B20
DS18B20/T&R -65°C to +125°C 3 TO-92 (2000 Piece) 18B20
DS18B20+T&R -55°C to +125°C 3 TO-92 (2000 Piece) 18B20
DS18B20-SL/T&R -55°C to +125°C 3 TO-92 (2000 Piece)* 18B20
DS18B20-SL+T&R -55°C to +125°C 3 TO-92 (2000 Piece)* 18B20
DS18B20U -55°C to +125°C 8 FSOP 18B20
DS18B20U+ -55°C to +125°C 8 FSOP 18B20
DS18B20U/T&R -55°C to +125°C 8 FSOP (3000 Piece) 18B20
DS18B20U+T&R -55°C to +125°C 8 FSOP (3000 Piece) 18B20
DS18B20Z -55°C to +125°C 8 SO DS18B20
DS18B20Z+ -65°C to +125°C 8 SO DS18B20
DS18B20Z/T&R -55°C to +125°C 8 SO (2500 Piece) DS18B20
DS18B20Z+T&R -55°C to +125°C 8 SO (2500 Piece) DS18B20

+Denotes a lead-free package. A “+” will appear on the top mark of lead-free packages.

T&R = Tape and reel.

*TO-92 packages in tape and reel can be ordered with straight or formed leads. Choose “SL” for straight leads. Bulk TO-92 orders

are straight leads only.

www.maximintegrated.com
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DS18B20

Programmable Resolution
1-Wire Digital Thermometer

Revision History

REVISION PAGES
DATE DESCRIPTION CHANGED
In the Absolute Maximum Ratings section, removed the reflow oven temperature value of +220°C.
3/1/07 e . . 19
Reference to JEDEC specification for reflow remains.
In the Operation—Alarm Signaling section, added “or equal to” in the description for a TH alarm 5
condition
10/12/07 In the Memory section, removed incorrect text describing memory.
In the Configuration Register section, removed incorrect text describing configuration register.
4/22/08 In the Ordering Information table, added TO-92 straight-lead packages and included a note that the 9
TO-92 package in tape and reel can be ordered with either formed or straight leads.
1/15 Updated Benefits and Features section
09/18 Updated DC Electrical Characteristics table 2
719 Updated Figure 12 10

For pricing, delivery, and ordering information, please visit Maxim Integrated’s online storefront at https://www.maximintegrated.com/en/storefront/storefront.html.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits)
shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.

Maxim Integrated and the Maxim Integrated logo are trademarks of Maxim Integrated Products, Inc.

© 2019 Maxim Integrated Products, Inc. | 20



OPTO 22

SOLID-STATE RELAYS

Features
> Rugged, epoxy encapsulation construction
> 4,000 volts of optical isolation

> Subjected to full load test and six times the rated current
surge before and after encapsulation

> Unique heat-spreader technology
> Guaranteed for life

OVERVIEW

In 1974, Opto 22 introduced the first liquid epoxy-filled line of power
solid-state relays (SSR). This innovation in SSR design greatly improved
the reliability and reduced the cost of manufacturing. At that time, we
also incorporated into our manufacturing process 100% testing under
full-load conditions of every relay we produced.

By 1978, Opto 22 had gained such a reputation for reliability that we
were recognized as the world’s leading manufacturer of solid-state
relays. Through continuous manufacturing improvements and the
same 100% testing policy established over 40 years ago, Opto 22 is

Part Numbers

Part Description

AC Switching
120A10

120 VAC, 10 Amp, AC Control

120A25 120 VAC, 25 Amp, AC Control

240A10 240 VAC, 10 Amp, AC Control

240A25 240 VAC, 25 Amp, AC Control

240A45 240 VAC, 45 Amp, AC Control

120D3 120 VAC, 3 Amp, DC Control

120D10 120 VAC, 10 Amp, DC Control

120D25 120 VAC, 25 Amp, DC Control

120D45 120 VAC, 45 Amp, DC Control

240D3 240 VAC, 3 Amp, DC Control

240D10 240 VAC, 10 Amp, DC Control

240Di10 240 VAC, 10 Amp, DC Control, with LED Indicators

240D25 240 VAC, 25 Amp, DC Control

240Di25 240 VAC, 25 Amp, DC Control, with LED Indicators

240D30-HS 240 V_AC, 30 Amp, DC Control, with integrated
heatsink

240D45 240 VAC, 45 Amp, DC Control

240Di45 240 VAC, 45 Amp, DC Control, with LED Indicators

380D25 380 VAC, 25 Amp, DC Control

380D45 380 VAC, 45 Amp, DC Control

480D10-12 480 VAC, 10 Amp, DC Control, Transient Proof

480D15-12 480 VAC, 15 Amp, DC Control, Transient Proof

480D25-12 480 VAC, 25 Amp, DC Control, Transient Proof
480 VAC, 25 Amp, DC Control, Transient Proof,

480D25-HS with integrated hgatsink

480D45-12 480 VAC, 45 Amp, DC Control, Transient Proof

OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com

DATA SHEET
Form 0859-211117

still recognized today for the very high quality and reliability of all our
solid-state relays.

DESCRIPTION

Opto 22 offers a complete line of SSRs, from the rugged 120/240/380-volt
AC Series to the small footprint MP Series, designed for mounting
on printed circuit boards. All Opto 22 SSRs feature 4,000 volts of
optical isolation, and most are UL and CSA recognized. The innovative
use of room-temperature liquid epoxy encapsulation, coupled with
Opto 22's unique heat-spreader technology, are key to mass
producing the world’s most reliable solid-state relays.

Part Description
AC Switching
575D15-12 575 VAC, 15 Amp, DC Control, Transient Proof
575D45-12 575 VAC, 45 Amp, DC Control, Transient Proof
575D30-HS a/Tti mﬁgdrz?egmhzégﬁfontrol, Transient Proof,
575Di45-12 fthi \Ifég IigiﬁggngDC Control, Transient Proof,
MP120D2 or 120 VAC, 2 Amp, DC Control
P120D2 P model is low profile
MP120D4 or 120 VAC, 4 Amp, DC Control
P120D4 P model is low profile
MP240D2 or 240 VAC, 2 Amp, DC
P240D2 P model is low profile
MP240D4 or 240 VAC, 4 Amp, DC
P240D4 P model is low profile
MP380D4 380 VAC, 4 Amp, DC
Z120D10 Z Model, 120 VAC, 10 Amp, DC Control
Z240D10 Z Model, 240 VAC, 10 Amp, DC Control
DC Switching
DC60P or 60 VDC, 3 Amp, DC Control
DC60MP P model is low profile
DC200P or 200 VDC, 1 Amp, DC Control
DC200MP P model is low profile
DC60S-3 60 VDC, 3 Amp, DC Control
DC60S-5 60 VDC, 5 Amp, DC Control

Accessories

SAFETY COVER  Power Series SSR safety cover
SSR-HS Power Series SSR heatsink
SSR-THERMOPAD Thermal conductive pad (pack of 10)

MADE IN THE

| ==
EESS

© 2006-2021 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.



OPTO 22

DATA SHEET
Form 0859-211117

Every Opto 22 solid-state relay is subjected to full load test and six
times the rated current surge both before and after encapsulation.
This double testing of every part before it leaves the factory means
you can rely on Opto 22 solid-state relays. All Opto 22 SSRs are
guaranteed for life.

Accessories for the Power-Series SSRs include a safety cover, a
heatsink, and a matching thermal conductive pad. See page 3.

Power Series SSRs

Opto 22 provides a full range of Power
Series relays with a wide variety of voltage
(120-575 volts) and-current options (3—45
amps). All Power Series relays feature 4,000
volts of optical isolation and have a high
PRV rating. Some Power Series relays
includebuilt-in LEDs to indicate operation.
See page 4.

DC Series

The DC Series delivers isolated DC control to large OEM customers
worldwide. All DC control SSRs are LS TTL compatible.

AC Series

The AC Series offers the ultimate in solid state reliability. All AC Power
Series relays feature a built-in snubber as well as zero-voltage turn-on
and zero-current turn-off. Transient-proof models offer self protection
for noisy electrical environments.

Z Series SSRs

The Z Series employs a unique heat transfer
system that makes it possible for Opto 22
to deliver a low-cost, 10-amp, solid-state
relay in an all-plastic case. The push-on,
tool-free quick-connect terminals make the
Z Series ideal for high-volume OEM
applications. Operating temperature:
—40°Cto 100 °C. See page 7.

Printed Circuit Series SSRs

Opto 22's Printed Circuit Series allows
OEMs to easily deploy solid-state relays on
printed circuit boards. Two unique
packages are available, both of which will
switch loads up to four amps. Operating

OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com

temperature: —40 °C to 100 °C. See page 9.

PAGE 2

MP Series

The MP Series packaging is designed with a minimum footprint to
allow maximum relay density on the printed circuit board.

P Series

The P Series power relays provide low-profile [0.5 in. (12.7 mm)]
center mounting on printed circuit boards.

HS Series SSRs

The HS Series features an integrated heatsink,
which makes them so cool. These relays have
less thermal resistance inside, so heat
dissipates more easily than in a standard SSR
mounted to the same heatsink. With the
heatsink built-in, you don't have to select
one from a catalog, and installation is much
easier. Includes a DIN-rail adapter. See

page 13.

SPECIFICATIONS

(ALL POWER SERIES MODELS)
4,000 V optical isolation, input to output

+ Zerovoltage turn-on

«  Zero-current turn-off

« Turn-on time: 0.5 cycle maximum

«  Turn-off time: 0.5 cycle maximum

«  Operating temperature: —40 °C to 100 °C

«  Operating frequency: 25 to 65 Hz
(operates at 400 Hz with six times off-state leakage)

« Coupling capacitance, input to output: 8 pF maximum
«  Hermetically sealed
«  DV/DT Off-state: 200 volts per microsecond

«  DV/DT commutating: snubbed for rated current at 0.5 power
factor

« UL recognized
o (CSA certified
e CEcomponent

«Torque specs for screws (this spec is both the recommended
torque and the maximum torque you should use):
Control terminals, 10 in-1b (1.13 N-m)
Field terminals, 18 in-Ib (2.03 N-m)

MADE IN THE
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POWER SERIES SSR ACCESSORIES

Safety Cover

A plastic safety cover (Opto 22 part number SAFETY COVER) is
available for use with Opto 22 Power Series SSRs. The safety cover
reduces the chance of accidental contact with relay terminals, while
providing access holes for test instrumentation.

An optional plastic safety cover can be installed on a Power Series SSR.

SSR-HS Heatsink

Custom designed for the Power Series SSRs, the SSR-HS heatsink
provides excellent heat dissipation when mounted to the SSR with a
matching thermal conductive pad, used in place of silicon grease.
One thermal pad is included with the heatsink. Additional pads may
be purchased in packs of 10 (part number SSR-THERMOPAD).
DIN-rail adapter is included.

Thermal Ratings

The thermal ratings shown in the following graphs were obtained
with an SSR attached to a heatsink using a thermal conductive pad.

45 Amp Relay on SSR-HS Heatsink Derating
30

25

20 Sl
N\
15 H- \\\

N\
10 N

5

—V

RMS Amperes

N
N

20 30 40 50 60 70 80 90 100
Ambient Temperature (°C)

V: Heatsink mounted to a vertical surface
H: Heatsink mounted to a horizontal surface.
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25 Amp Relay on SSR-HS Heatsink Derating

30

25
20 -
15 N '
MR
N

5

RMS

20 30 40 50 60 70 80 90 100

Ambient Temperature (°C)

V: Heatsink mounted to a vertical surface
H: Heatsink mounted to a horizontal surface.

Heatsink Assembly

Before attaching the SSR, remove the protective film from both sides
of the thermal pad, then place the pad on the heatsink making sure to
align the holes. Secure the SSR to the heatsink with the two 8-32 x
3/8” panhead Phillips screws included in the kit. Use 20 in-Ib (2.26
N-m) of torque.

See dimensional
drawing on page 12.

— Power Series SSR
(not included)

— Thermal conductive pad

— Heatsink

61 (9
1 2

oOPTO 22

NOTE: To take advantage of the cooling effect
of natural air flow, mount the SSR/heatsink
assembly to a vertical surface with the Opto 22
logo right side up as shown here.

12
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AC POWER SERIES SPECIFICATIONS

Opto 22 provides a full range of Power Series relays with a wide variety of voltage (120-575) and current options (3—45 amps). All Power Series
relays feature 4,000 volts of optical isolation and have a high PRV rating. Operating temperature is =40 °C to 100 °C.
(Ambient temperature will affect the current rating.)

120/240/380 Volt NOTE: Model numbers ending in -17 are replacement parts only. Their specifications are identical to
the same model number without the -17. For example, 240D10-17 is identical to 240D10.

Nominal Nominal 1 cycle Nominal Signal Signal Peak Maximum  Off-State Operating 12t
Model AC Line Current Surge Signal Input Picgll(-u Drog I Repetitive | Output Leakage Voltage Rating Isolation Ojc** Dissipation
Number Voltage Rating (Amps) Resistance Volta 2 Volfa N Voltage Voltage (mA) Range t=8.3 Voltage (°C/watt) (Watts/Amp)
g (Amps) Peak (Ohms) g g Maximum Drop Maximum**  (Volts AC) (ms)
120D3 120 3* 85 1000 3vDC 1VDC 600 1.6 volts 2.5mA 12-140 30 4,000Vrus 1" 17
(32V allowed)
120D10 120 10* 110 1000 3vDC 1VDC 600 1.6 volts 7mA 12-140 50 4,000Vrys 1.3 1.6
(32V allowed)
120D25 120 25* 250 1000 3vDC 1VDC 600 1.6 volts 7mA 12-140 250 4,000Vrms 1.2 13
(32V allowed)
120D45 120 45* 650 1000 3vDC 1VDC 600 1.6 volts 7mA 12-140 1750  4,000Vrms 0.67 0.9
(32V allowed)
240D3 240 3* 85 1000 3vVDC 1VDC 600 1.6 volts 5mA 24-280 30 4,000Vrys 1 1.7
(32V allowed)
240D10 240 10* 110 1000 3vDC 1VDC 600 1.6 volts 14 mA 24-280 50 4,000Vrms 1.3 16
(32V allowed)
240Di10 240 10* 110 730 3vDC 1VDC 600 1.6 volts 14 mA 24-280 50 4,000Vrus 1.3 16
(32V allowed)
240D25 240 25* 250 1000 3VDC 1VDC 600 1.6 volts 14 mA 24-280 250 4,000Vrys 1.2 1.3
(32V allowed)
240Di25 240 25* 250 730 3vDC 1VvDC 600 1.6 volts 14 mA 12-280 250 4,000Vrms 1.2 13
(32V allowed)
240D45 240 45* 650 1000 3vDC 1VDC 600 1.6 volts 14 mA 24-280 1750  4,000Vrms 0.67 0.9
(32V allowed)
240Di45 240 45* 650 730 3VDC 1VDC 600 1.6 volts 14 mA 24-280 1750  4,000Vrus 0.67 0.9
(32V allowed)
380D25 380 25* 250 1000 3vDC 1VDC 800 1.6 volts 12 mA 24-420 250 4,000Vrms 1.2 13
(32V allowed)
380D45 380 45* 650 1000 3vDC 1VDC 800 1.6 volts 12 mA 24-420 1750  4,000Vgms 0.67 0.9
(32V allowed)
120A10 120 10* 110 33K 85VAC 10 VAC 600 1.6 volts 7mA 12-140 50 4,000Vrys 1.3 16
(280V allowed)
120A25 120 25* 250 33K 85VAC 10 VAC 600 1.6 volts 7mA 12-140 250 4,000Vrms 1.2 1.3
(280V allowed)
240A10 240 10* 110 33K 85VAC 10 VAC 600 1.6 volts 14 mA 24-280 50 4,000Vrms 1.3 1.6
(280V allowed)
240A25 240 25* 250 33K 85VAC 10 VAC 600 1.6 volts 14 mA 24-280 250 4,000Vrys 1.2 1.3
(280V allowed)
240A45 240 45* 650 33K 85VAC 10 VAC 600 1.6 volts 14 mA 24-280 1750  4,000Vrms 0.67 0.9
(280V allowed)

Notes: * Ambient temperature will affect the current rating. For details, see the Thermal Ratings chart.
** Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage)

** Qjc = Thermal resistance from internal junction to base. Maximum internal junction temperature is 110 °C.

Connection Diagram, DC Power Series

(O LED {1){LOAD ’
w,_ «
= O(D— w
CONTROL T3 9ISy @ | LoAD AC
CURRENT o 5 s X S |INUNE LINE
x Ng— b4 2 OK
[%2]
+ ® @ -

Control Current varies with control voltage. For details, see “Control Current Calculation”on page 17.

OPTO 22 - 800-321-6786 + 1-951-695-3000 - www.opto22.com - sales@opto22.com :l=J'—S"A=

© 2006-2021 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.



OPTO 22

DATA SHEET

Form 0859-211117

120/240/380 Volt (cont.)
Surge Current Data
- .« |3-Amp| 10-Amp | 25-Amp | 45-Am
(soconte) | Cyen| Son€| e’ Pesc| roai’
0.017 1 85 110 250 650
0.050 3 66 85 175 420
0.100 6 53 70 140 320
0.200 12 45 60 112 245
0.500 30 37 50 80 175
1 60 31 40 67 134
2 120 28 33 53 119
3 180 27 32 49 98
4 240 26 31 47 95
5 300 25 30 45 91
10 600 24 28 42 84
Note: *60 Hz.

Connection Diagram, AC Power Series

o—

120/240
AC

SIGNAL

o—t

SNUBBER

©

O o

AC
LOAD LINE

LINE 2
oK i

Dimensional Drawings

Thermal Ratings
Ambient temperature will affect the current rating.

3 AMP MODELS
RMS AMPERES

25 AMP MODELS 10 AMP MODELS
RMS AMPERES RMS AMPERES

45 AMP MODELS
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0 MOUNTED ON A HEATSINK

WITH 2 °C/WATT RATING

A MOUNTED ON A HEATSINK
WITH 1 °C/WATT RATING

NOTE: All dimensions are nominal. We do not recommend mounting the terminal side of the SSR to a flat PCB (printed circuit board) or other
flat surface, because there may be some variation in terminal height from one terminal to another and from one SSR to another.

8-32

THREAD {~a——1 75 (44 5) ——s=| 07_%0
1.10 (7.6)
' N (27.9)
019 (4.8
WIENIIE
.2
1.70
(14?.86) Power Series (432) N
r3-32VDC 1 (57.2)
4 37T
B {o) &
0.53
0.17 (4.4) (135) l‘ K 6-30
DIA. 2 PLACES 100 A
54

0.77
(19.6)
010 [T CI—— |
(2.5) 1
V | |
0.61
‘ DC60S-3 (15.5)
0.96
(24.5)
o1y L1 I 1 i
@8) |
* I | |
‘ 0.77
DC60S-5
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Side view: Part numbers
DC60S3, 120D3, and
240D3 only

Side view: All other
part numbers
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480/575 Volt

Nominal

. ¥ . 2
Signal Signal Signal Peak Maximum Off-State Operating I“t

Repetitive  Output Leakage Voltage Rating Isolation Bjc*** Dissipation
Voltage Voltage (mA) Range t=8.3 Voltage (°C/Watt) (Watts/Amp)
Maximum Drop Maximum**  (Volts AC) (ms)

NP Nominal 1 cycle
Model 5 Current  Surge
AC Line p
Number Voltage Rating  (Amps)
g (Amps) Peak

Input Pick-up Drop-out
Resistance Voltage Voltage
(Ohms)

480D10-12 480 10* 110 1000 3vDC 1VDC 1200 3.2 volts 11 mA 100-530 50 4,000Vrys 12 25
(32V allowed)

480D15-12 480 15% 150 1000 3VDC 1VDC 1200 3.2 volts 11 mA 100-530 50 4,000Vrys 1.2 25
(32V allowed)

480D25-12 480 25* 250 1000 3vDC 1VDC 1000 1.6 volts 11 mA 100-530 250 4,000Vrys 1.3 1.3
(32V allowed)

480D45-12 480 45* 650 1000 3vVDC 1VDC 1000 1.6 volts 11 mA 100-530 1750  4,000VRrys 0.67 0.9
(32V allowed)

575D15-12 575 15% 150 1000 3VDC 1VvDC 1200 3.2 volts 15 mA 100-600 90 4,000Vrys 1.2 25
(32V allowed)

575D45-12 575 45* 650 1000 3vDC 1VDC 1000 1.6 volts 15 mA 100-600 1750  4,000Vgrys 0.67 0.9
(32V allowed)

575Di45-12 575 45* 650 730 3vVDC 1VDC 1000 1.6 volts 15 mA 100-600 1750  4,000VRys 0.67 0.9
(32V allowed)

Notes: * Ambient temperature will affect the current rating. For details, see the Thermal Ratings chart.
** Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage)

** Ojc = Thermal resistance from internal junction to base. Maximum internal junction temperature is 110 °C.

Surge Current Data Thermal Ratings
Ambient temperature will affect the current rating.
- i _sxx | 10-Amp | 15-Amp | 25-Amp | 45-Amp
S:::n;?ld (-E;;/“c?es) Peak Peak Peak Peak -
Amps [ Amps | Amps | Amps Hw 40 A
o
0.017 1 110 150 250 650 g E 30 ﬁ;\\
0.050 3 85 140 175 | 420 o = 20 S
=) A\
-t
0.200 12 60 90 112 245 20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE (°C})
0.500 30 50 70 80 175
1 60 40 55 67 134 n FREE AIR
2 120 ) 3 49 Sl B MOUNTED ON A HEATSINK
3 180 32 47 49 98 O WITH 2 °C/WATT RATING
4 240 31 43 47 95 A MOUNTED ON A HEATSINK
WITH 1 °C/WATT RATING
5 300 30 40 45 91
10 600 28 35 42 84
Note: ***60 Hz
MADE IN THE
OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com l=JE§"-A-=
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480/575 Volt (cont)
Dimensional Drawings
NOTE: All dimensions are nominal. We do not recommend mounting the terminal side of the SSR to a flat PCB (printed circuit board) or
other flat surface, because there may be some variation in terminal height from one terminal to another and from one SSR to another.
8-32
THREAD |-—1.75 (44.5) —smy 0.30 0.77
- 110 ] (7.6 (196)
10 [T LI 1 Cideview
' N 27.9) * 010 | Side view: Part numbers
01948 @9 ]
1948 (] o O_l i DC60S3, 12003, and
| | \ | | 240D3 only
2 1 ) boses-s &
1.88 . 432) 0.96
“76) Power Series phs 245)
(57.2) 1 | [TI ]
23‘32VDC ‘3+ ?2'-181) | I Side view: All other
|§| part numbers
g A L I | R
0.53 ‘ 0.77
0.17 (4.4) (135) 6-32 DC60s-5 (19.6)
DIA. 2 PLACES 100 THREAD
(25.4)
Z SERIES SPECIFICATIONS
AC Power: 120/240 Volt
The Z Series employs a unique heat transfer system that makes it terminals make the Z Series ideal for high-volume OEM applications.
possible for Opto 22 to deliver a low-cost, 10-amp, solid-state Operating temperature is =40 °C to 100 °C. (Ambient temperature will
relay in an all-plastic case. The push-on tool-free quick-connect affect the current rating.)
Z120D10 Z240D10 NOTE: Part number 7240D10-17is a
Nominal AC Line Voltage Nominal 120 240 replacement part only.lts specifications
S Rl (R 10* 10* are identical to Z240D10.
1 cycle Surge (Amps) Peak 110 110
Nominal Signal Input Resistance (Ohms) 1000 1000
. . 3VDC (32V 3VDC (32V
Signal Pick-up Voltage allowed) allowed)
Signal Drop-out Voltage 1VDC 1VDC
Peak Repetitive Voltage Maximum 600 600
Maximum Output Voltage Drop 1.6 volts 1.6 volts
Off-State Leakage (mA) Maximum™* 6 mA 12mA
Operating Voltage Range (Volts AC) 12-140 24-280
It Rating t=8.3 (ms) 50 50
Isolation Voltage 4,000 VkRms 4,000 Vrms
0jc*** (°C/Watt) Dissipation (Watts/Amp) 4 4
Notes: * Ambient temperature will affect the current rating. For details, see the Thermal Ratings chart.
** Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage).
** Bjc = Thermal resistance from internal junction to base. Maximum internal junction temperature is 110 °C.
MADE IN THE
OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com lEJES"-A-:

© 2006-2021 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.



OPTO 22 Form 0859-211117

PAGE 8
AC Power: 120/240 Volt (cont.)
Thermal Ratings Surge Current Data
Ambient temperature will affect the current rating.
14 Time Time* Peak
13 \‘ Second| (Cycles) | Amps
12 0.017 1 110
" AN 0.050 3 85
10 \
ﬁ 9 0.100 6 70
e 8
g \ 0.200 12 60
7 :
25 \ 0.500 30 50
& \
5 1 60 40
4
3 2 120 33
2 3 180 32
1
4 240 31
20 30 40 50 60 70 80 90 100
AMBIENT TEMPERATURE (°C) 5 300 30
10 600 28
FREE AIR Note: *60 Hz
MOUNTED ON A HEATSINK
O WITH 2°C/WATT RATING
Connection Diagram
+
®
s & /
CONTROL I Q AC LINE
LOAD IN
CURRENT g 2 |LINE 2 OK
- w
—1® 2 -
Control Current varies with control voltage. For details, see “Control Current Calculation”on page 17.
Dimensional Drawings
(%%5) | NOTE: All dimensions are nominal. We do not
0.19 (4.8) DIA. 2 PLACES ' - - (3-35‘;) recommend mounting the terminal side of the SSR to
aflat PCB (printed circuit board) or other flat surface,
(= = * o because there may be some variation in terminal
1 2 * O'éil(g'é) ° height or alignment from one terminal to another
050 150 DISCONNECT
ZPackage |Q| 057 @en and from one SSR to another.
4 o
2 LAY :
e 1.81 (46.0)—] L
|t——— 2 25 (57.2)——#= 017
2,62 (66.6) =1 (4.3)"' }"
MADE IN THE
OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com EJES"-AE
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PRINTED CIRCUIT SERIES SPECIFICATIONS

AC Power: MP and P Series

The MP Series packaging is designed with a minimum footprint to

allow maximum relay density on the printed circuit board.

The P Series power relays provide low-profile for 0.5-inch (12.7 mm)

Nominal AC Line Voltage

Nominal Current Rating
(Amps)

1 cycle Surge (Amps)
Peak

Nominal Signal Input
Resistance (Ohms)

Signal Pick-up Voltage

Signal Drop-out Voltage

Peak Repetitive Voltage
Maximum

Maximum Output Volt-
age Drop

Off-State Leakage mA
Maximum**

Operating Voltage Range
(Volts AC)

[t Rating t=8.3 (ms)
Isolation Voltage
Bjc*** °C/Watt
Dissipation Watts/Amp

MP120D2
or P120D2

120

2%

20

1000

3VDC****
(24V allowed)

1VDC

600

1.6 volts

5 mA

12-140

2
4,000 Vrys

20
1.2

MP120D4
or P120D4

120

4*

85

1000

3VDC****
(24V allowed)

1VDC

600

1.6 volts

5 mA

12-140

30
4,000 Vgys

6.5
1.2

center mounting on printed circuit boards.

PAGE 9

Operating temperature: —40 °C to 100 °C. (Ambient temperature will
affect the current rating.)

MP240D2
or P240D2

240

2%

20

1000

3VDC****
(24V allowed)

1VDC

600

1.6 volts

5 mA

24-280

3
4,000 Vgys

20
1.2

MP240D4
or P240D4

240

4*

85

1000

3VD C****
(24V allowed)

1VDC

600

1.6 volts

5 mA

24-280

30
4,000 Vrys

6.5
1.2

MP380D4

380

4*

85

1000

3VDC****
(24V allowed)

1VDC

800

1.6 volts

5 mA

24-420

30

4,000 Vrys

6.5
1.2

1FLAat 120 VAC 2.5 FLA at 240 VAC
6 LRAat 120 VAC 6 LRAat 240 VAC

1FLAat 120 VAC 2.5 FLAat 240 VAC 2.5 FLA at 380 VAC

Rating (Motor Load) 15 LRA at 120 VAC = 15LRA at 240 VAC 15 LRA at 380 VAC

Notes: * Ambient temperature will affect the current rating. For details, see the Thermal Ratings chart.

** Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage)

*** gjc = Thermal resistance from internal junction to base. Maximum internal junction temperature is 110 °C.
**** = P Series 32 volts maximum.

Connection Diagram

+ NOTE: Part numbers ending in -17 are replacement
3 LED parts only. Their specifications are identical to the
s o 2‘, i / same part number without the -17. For example,
CONTROL CI) i @ 29 LOAD IN AC LINE P240D4-17is identical to P240D4.
CURRENT © Né% LINE 2 OK \
4 L . {2) -

Control Current varies with control voltage. For details, see “Control Current Calculation”on page 17.

MADE IN THE
Ush
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AC Power: MP and P Series (cont.)

Surge Current Data
Time Time* 2-Amp 4-Amp
(Seconds) (Cycles) Peak Amps Peak Amps
0.017 1 20 85
0.050 3 18 66
0.100 6 15 53
0.200 12 1 45
0.500 30 9 37
1 60 8.5 31
2 120 8 28
3 180 7.5 27
4 240 7 26
5 300 6.5 25
10 600 6 24
Note: *60 Hz

Thermal Ratings

Ambient temperature will affect the current rating.

OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com

2 AMP MODELS
RMS AMPERES
)

MP120 & 240D2

20 30 40 50 60 70 80 90

AMBIENT TEMPERATURE (°C})

b
L

~ |

I T 11
P120 & 240D2 —

2 AMP MODELD
RMS AMPERES
- N W

20 30 40 50 60 70 80 90

AMBIENT TEMPERATURE (°C}

4 AMP MODELS
RMS AMPERES
- N W

L
MP120 & 240D4—

20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE (°C})

PAGE 10
Dimensional Drawings
NOTE: All dimensions are nominal.
[~-— 1.70 (43.2) —»‘ ?7360) (:)043)
0.04 (1.0) DIA.
. 4 PLACES * v
MP-Series obs | . .
(24.9) I
f '
I | I I | |4-0.30 (7.6)
43 9 1—r —0.40 (10.2)
025 0.0 (22.9)
©.4) | 110 (27.9) |t
110 0.38
27.9) |~ 0.15 - [~ MAX.
0.15 3.8) (9.5)
(3.8) —m| |- r
0] G -
2 |} =
151 | | P-Series | 1o M
(38.4) Bottom View (30.5) (35.8)
¢ o3| | = | |
4 oy
0.30
0.15 (3.8) ] \0-03 (0.6 ) (7.6)
0.80 SQUARE
(20.3) |~=— PIN 4 PLACES
8
N
N
o 7 N P120 & 240D4 —
il 6
o &
226
2, N
- X
2
1 N
20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE (°C)
(O | FREEAIRR
0 MOUNTED ON A HEAT SINK
WITH 2° C/WATT RATING
MADE IN THE
USA
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DC SWITCHING SERIES SPECIFICATIONS
Thermal Ratings
[I;((::BG(:)TVI:I. %%22(:)%;3 DC60S3 DC60S5 Ambient temperature will affect the current rating.
Operating Voltage Range  5-60 VDC 5-200 VDC 5-60 VDC 5-60 VDC o % g 3
8 SLw 2
Forward Voltage Drop 1.5 volts 1.5 volts 1.5 volts 1.5 volts 8 = a
at 3 amps at 1 amp at 3 amps at 5 amps aez 1
el C . e B
z“Aor;”'g?' urrent Rating 3 1+ 3 5 20 30 40 50 60 70 80 90
P AMBIENT TEMPERATURE (°C)®FREE AIR
Off-State Blocking 60 VDC 250 VDC 60 VDC 60 VDC
3VvDC 3VDC 3VvDC 3VvDC a % Q
Signal Pickup Voltage 32 Volts** 32 Volts** 32 Volts 32 Volts 3 g
allowed allowed allowed allowed 8 o %
o<
Signal Dropout Voltage 1VDC 1VDC 1VDC 1VDC

20 30 40 50 60 70 80 90

Signal Input Impedance 1,000 ohms 1,000 ohms 1,000 ohms 1,000 ohms
AMBIENT TEMPERATURE (°C)* FREE AIR

1 Second Surge 5 amps 2 amps 5 amps 10 amps
Oberating Temp. Range -40°Cto —40 °C to -40°Cto —40 °C to 5
perafing 1emp. Rang 100 °C 100 °C 100 °C 100 °C T
n ~
Isolation Voltage 4,000 VRMS 4,000 VRMS 4,000 VRMS 4,000 VRMS S 2 3 AN
Q= 2 N
Off-State Leakage ! T"A ! T“A ! .mA ! T"A ad \\
maximum maximum maximum maximum 1 <
Package Type P/MP series P/MP series Power series Power series 20 30 40 50 60 70 80 90
Turn-on Time 100 usec 100 usec 100 usec 100 usec AMBIENT TEMPERATURE (°C)®FREE AIR
Turn-off Time 750 usec 750 usec 750 usec 750 usec
Notes: * Ambient temperature will affect the current rating. For details, see the Thermal
Ratings chart. 3 )t ~
** MP series maximum allowed control signal is 24 VDC. S¢ \\
g5 =
NOTE: When controlling an inductive load, like a solenoid or coil, a commutating diode 20 30 40 50 60 70 80 90

must be used. Install the commutating diode across the terminals of the load (not the SSR AMBIENT TEMPERATURE (°C)®FREE AIR

terminals). This will protect the SSR from damage caused by voltage spikes when turning off
the load.

FREE AIR

MOUNTED ON A HEATSINK
WITH 2 °C/WATT RATING

El| -

Model DC60MP Basic Schematic (also applies to the other SSRs on this page)

O; h +DC

CONTROL
CURRENT >

Inductive loads must
O— ° —O be diode suppressed.

Load okay either line.

Control Current varies with control voltage. For details, see “Control Current Calculation”on page 17.

MADE IN THE

OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com :l=J:§"A=
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Dimensional Drawings
NOTE: All dimensions are nominal. We do not recommend mounting the terminal side of a Power Series or Z series SSR
to aflat PCB (printed circuit board) or other flat surface, because there may be some variation in terminal height or
alignment from one terminal to another and from one SSR to another. For mounting on PCB, use the MP series or P series.
8-32
THREAD 1.75 (44.5) 0.30 0.77
- 110 .6) (196)
N (27.9) v 010 [T | I
s (ST S Trh ] @5) Side view: Part numbers DC60S3,
[©] \J G i y 12003 and 240D3 only
1) 2 1| ! Dos0s-3 o8
e Power Series ¢ . (gfg)
672) o 1 I Y
4 3(+) @8 ] Side view: All other part numbers
Do) G {
~ 553 11 ‘
0.17 (4.4) =1 (135) \— 6-32 ‘ DC60s-5 ((1)'97.2)
DIA. 2 PLACES 1.00 THREAD
(25.4)
Power Series SSR with SSR-HS Heat Sink, top view Power Series SSR with SSR-HS Heat Sink, side view
3.902 = = ¥ a2 o
3.500 | ]
‘ ’«1‘875*‘ — |~— 20 =1
875 (%] ] €] =
1250 1,75 -
f E ,® 3.460
=
25 —f
8-32 UNC x 0.50 ®
—J S =
|t 1.70 (43.2)—=| ?7'%(; (?:g)
0.04 (1.0) DIA.
. 4 PLACES ' v
MP-Series | L. . .
(24.9) 1
(+) +%v o
I I I I | |~-0.30 (7.6)
43 2 i ‘ [~—0.40 (10.2)
025 et—0.90 (22.9)
6.4) | 110 (27.9) |-
1.10 0.38
=l (27.9) |~ 0.15 - [~ MAX.
0.15 (38) 9.5)
(3.8) —w=| |- r
N <711
? ) o 1.41
& P-Series 120 MAX.
' Bottom View (30.5) (35.8)
l 43| = |
4 1.
0.30
0.15 (3.8) —mf N0z 064 ™ 76)
0.80 SQUARE
(203 I PIN4PLACES
MADE IN THE
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HS SERIES SPECIFICATIONS

The HS Series features an integrated heatsink, which makes them so cool. Because there is less thermal resistance internal to the unit thanin a
standard SSR mounted to the same heat sink, heat dissipates more easily. The built-in heatsink means you don't have to select a heatsink, and
installation is much easier. Each HS-series SSR has built-in hardware for screw mounting and a built-in DIN-rail adapter clip for mounting to a
35mm DIN rail.

Model Number 240D30-HS 480D25-HS 575D30-HS
Nominal AC Line Voltage 240 480 575
Operating Voltage Range (Volts AC) 24-280 100-530 100-600
Peak Repetitive Voltage Maximum 600 1000 1200
Off-State Leakage (mA) Maximum* 5 mA 10 mA 12 mA
Nominal Output Voltage Drop (RMS) 1.0 volts 1.0 volts 1.0 volts
Nominal Current Rating (Amps) 30* 25** 30**

1 cycle Surge (Amps) Peak 610 610 610

1t Rating t=8.3 (ms) 1550 1550 1550
Isolation Voltage (transient 4KV) 2,500VRrms 2,500Vrums 2,500Vrms
Dissipation (Nominal Watts/Amp) 1.0 1.0 1.0
Signal Pick-up Voltage (32\;1 \;:Ijocwed) (32\;1 \;I[I)ocwed) (32\;1 \a/:ljocwed)
Signal Drop-out Voltage 1VDC 1VDC 1VDC
Nominal Signal Input Resistance (Ohms) 730 1000 1000
6ja*** (°C/Watt) 22 22 22

Notes: * Operating Frequency: 25 to 65 Hz (operates at 400 Hz with 6 times the offstate leakage)
** Ambient temperature will affect the current rating. For details, see the associated Thermal Ratings chart.
*** gja = Thermal resistance from internal junction to base. Maximum internal junction temperature is 110 °C.

Surge Current Data, Peak Amps

sZLTﬁ 4 | 60HZ 50HZ
0.0167 610 580
0.05 394 375
0.1 300 386
0.2 230 219
0.5 164 156
1 126 120
2 112 106
3 92 87
4 89 85
5 85 81
10 79 75
MADE IN THE
OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com lEJES"-A-:

© 2006-2021 Opto 22. All rights reserved. Dimensions and specifications are subject to change. Brand or product names used herein are trademarks or registered trademarks of their respective companies or organizations.



DATA SHEET

OPTO 22 Form 0859-217117

PAGE 14
HS-SERIES (CONT.)
Thermal Ratings
Ambient temperature will affect the current rating.
30 30
25 A 25
2 20 2, 20 —A
- 2 B - 2
§ 8_ 15 N § g_ 15 B——!\\\
£ N £ N
g- : 10 \\ g’ § 10 \\
<2 <=
mE 5 ~NE 5 N
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
Ambient Temperature (°C) Ambient Temperature (°C)
A: Single relay or with 0.75" spacing between relays. Derate above 40 °C; subtract 0.5 amp/°C.
B: Three relays side by side with 0.25"spacing. All relays with the same load. Derate above 40 °C; subtract 0.4 amp/°C.
NOTE: This data is for SSRs mounted to a horizontal surface. To take advantage [ O ] [ O
ofthe cooling effect of natural air flow, we recommend mounting HS-series SSRs - ~
to a vertical surface with the Opto 22 logo right side up as shown here.
Dimensional Drawing p———
3.90" (99.1 mm) s7spsees
[&——3.50" (88.9 mm) — 0.20" (5.1 mm)
O
N
o3 1.25"
B3 18 mm) BEREe)
-] \ J
& v
— ”
0.25
6Amm) | ¢—175"—
|[€——3.21" (81.6 mm) ’PI (44.5 mm)
A
I
== MADE IN THE
USA
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APPLICATIONS: TIPS
Heat Sink Calculation
Like all semiconductor devices, SSR current ratings must be based on maximum internal junction temperature.
All Opto 22 SSRs operate conservatively at maximum internal junction temperatures of 110 °C. Use the equation below
to calculate the maximum allowable heat sink thermal resistance for your application. It is good engineering practice to
provide a margin for error instead of running the application right at the limits. If your application is near the thermal limit,
it can be helpful to add a fan to move air across the heat sink.
SSR Max
allowed Max Max SSR Heat SSR
internal = Ambient = Load X Dissipation X Thermal
Heat Sink junction Temp Current Factor Resistance
Max Thermal temp
Resistance
Gleiwars) Max SSR Heat
Load X Dissipation
Current Factor
IMPORTANT: Thermally conductive grease must be used between the relay base and the heat sink.
Sample Calculation 1
120-volt, 20-amp load; 50 °C ambient air temperature
Model: 120D25 SSR.
See the last two columns of the table on page 4 for thermal resistance and dissipation values for the 120D25.
Also, see the note at the bottom of the table.
Dissipation: 1.3 watts/amp
Thermal resistance: 1.2 °C/watt
Maximum junction temperature: 110 °C
The calculation would be as follows:
Example for 120D25
Units
Max Ambient Temp | = 50.00 °C
Max Load Current | = 20.00 Amps
SSR Heat Dissipation | _ 130 Watts/Amp
Factor
SSR Themal _ o From
Resistance B 120 CWatt | nata
SSR Max allowed | _ 11000 ‘o Sheet This calculation indicates that you
internal junction temp : should select a heat sink with a thermal
resistance of less than 1.1 °C/watt.
Heat Sink Max (110-50-(20x 1.3x 1.2))
Thermal Resistance | = ° C/Watt
(°C/Watt) (20x 1.3)
Heat Sink Max 28.8
Thermal Resistance | = ° C/Watt
(°C/Watt) 26
Heat Sink Max
Thermal Resistance | = 1.1 ° C/Watt
(°C/Watt)
MADE IN THE
OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com lEJ'—S"-A-:
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Sample Calculation 2

240-volt,18-amp load, 25 °C ambient air temperature

Model: 240D45

See the last two columns of the table on page 4 for thermal resistance and dissipation values
for the 240D45. Also, see the note at the bottom of the table.

Dissipation: 0.9 watts/amp
Thermal resistance: 0.67 °C/watt
Maximum junction temperature: 110 °C

The calculation would be as follows:

Example for 240D45

(°C/watt)

Units
Max Ambient Temp 25.00 °C
Max Load Current | = 18.00 Amps
SSR Heat Dissipation | _ 0.90 Watts/Am
Factor ) P
SSR Themal _ o
Resistance B 0.67 CiWatt
SSR Max allowed | _ .
internal junction temp | ~ 110.00 &
Heat Sink Max (110-25-(18x 0.9 X 0.67))
Thermal Resistance | = ° C/Watt
(°C/Watt) (18x0.9)
Heat Sink Max 74.146
Thermal Resistance | = ¢ C/Watt
(°C/Watt) 16.2
Heat Sink Max
Thermal Resistance | = 46 ° C/Watt

From
Data
Sheet

Duty Cycle Calculation

When solid-state relays are operated in an on/off mode, it may be advantageous to calculate
the RMS value of the current through the SSR for heat sinking or determining the proper

current rating of the SSR for the given application.

lams = RMS value of load or SSR

T, =Time currentis on

T, =Time current is off

Irms =

lon = RMS value of load current during on period

(Ion)* X T4

This calculation indicates that you should
select a heat sink with a thermal resistance
of less than 4.6 °C/watt.

T,+T,

OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com
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Transformer Loads

Careful consideration should be given to the selection of the proper
SSR for driving a given transformer. Transformers are driven from
positive saturation of the iron core to negative saturation of the core
each half cycle of the alternating voltage. Large inrush currents can
occur during the first half cycle of line voltage if a zero-voltage SSR
happens to turn on during the positive half cycle of voltage when the
core is already in positive saturation. Inrush currents greater than 10
times rated transformer current can easily occur. The following table
provides a guide for selecting the proper SSR for a given transformer
rating.

120-Volt Transformers

SSR MODEL TRANSFORMER
P or MP 120D2 100 VA
Z120D10 500 VA
120D3 100 VA
P or MP 120D4 250 VA
120D10 or 120A10 500 VA
120D25 or 120A25 1 KVA
120D45 2 KVA

240-Volt Transformers
P or MP240D2 200 VA
Z240D10 1 KVA
120D3 200 VA
P or MP240D4 500 VA
240D10 or 240A10 1 KVA
240D25 or 240A25 2KVA
240D45 4 KVA
480-Volt Transformers

SSR MODEL TRANSFORMER
480D10-12 5-Amp Primary
480D15-12 5-Amp Primary

Solenoid Valve and Contactor Loads

All Opto 22 SSRs are designed to drive inductive loads such as
solenoid valves and electromechanical contactors. The built-in
snubber in each SSR assures proper operation into inductive loads.
The following table is a guide in selecting an SSR to drive a solenoid or
contactor.

OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com

120-Volt Coils
SSR CURRENT
RATING SOLENOID | CONTACTOR
2-Amp 1-Amp NEMA Size 4
4-Amp 3-Amp NEMA Size 7
240-Volt Coils
SSR CURRENT
RATING SOLENOID | CONTACTOR
2-Amp 1-Amp NEMA Size 7
4-Amp 3-Amp NEMA Size 7

PAGE 17

Control Current Calculation

All Opto 22 DC-controlled SSRs have a control circuit consisting of
1000 ohms in series with an Optocoupler LED.

The LED will drop 1 volt, so the voltage across the internal resistor will
be 1 volt less than the control voltage.

The control current (I ) can be calculated from the control voltage
(Ve ) as follows:

le=(Vc-1)/1000
Examples:

3VDC control voltage:
lc=(3-1)/1000 =0.002 A (2 mA)

32VDC control voltage:
lc=(32-1)/1000=0.031 A (31 mA)

For control voltages above 32 VDC, an external resistor can be added
in series with the SSRto limit the control current. Also, if the device
driving the control current to the SSR is limited, you can limit the
control current by using an external resistor (Re).

le= (Ve=1)/ (Re+ 1000)
Re = [(Vc=1)/(19]-1000
To limit the control current to 2 mA, this simplifies to:

Re =500 (V, -3)

EXTERNAL
RESISTOR OPTIONAL 3
—AM— - === -O- -1 10000
e
Ve
4 LED
o Y --0--
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Opto 22 SSRs for controlling single-phase motors are shown in the

following tables:

PAGE 18

Solid-State Relays in Series
In applications requiring higher voltage, two Opto 22 SSRs may be

120-Volt Single-Phase
Non-Reversing Motors

SSR Model MOTOR RATING

P or MP120D2 1 Amp
Z120D10 1/4 HP

120D3 1-1/2 Amp

P or MP120D4 1-1/2 Amp
120D10 or 120A10 1/4 HP
120D25 or 120A25 1/3 HP
120D45 3/4 HP

240-Volt Single Phase
Non-Reversing Motors

SSR Model MOTOR RATING

P or MP240D2 1 Amp
Z240D10 1/4 HP

240D3 1-1/2 Amp

P or MP240D4 1-1/2 Amp
240D10 or 240A10 1/3 HP
240D25 or 120A25 1/2 HP

240D45 1-1/2 HP

120-Volt Single-Phase
Reversing Motors

SSR Model MOTOR RATING

P or MP240D2 1 Amp
Z240D10 1/4 HP

240D3 1-1/2 Amp

P or MP240D4 1-1/2 Amp
240D10 or 240A10 1/4 HP
240D25 or 120A25 1/3 HP
240D45 3/4 HP

240-Volt Single-Phase
Reversing Motors

SSR Model MOTOR RATING
480D10-12 1/4 HP
480D15-12 1/4 HP

operated in series for double the voltage rating. The built-in snubber
in each SSR assures proper voltage sharing of the two SSRs in series. In
the following diagram, two 240-volt, 45-amp SSRs are connected in
series for operation on a 480-volt line. The control is shown with a
parallel hook-up but it should be noted that a serial connection can
also be implemented.

o
430V LOAD |:::|
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g |
Lamp Loads

Since all Opto 22 AC output SSRs use zero-voltage turn-on, they are

ideal for driving incandescent lamps, because the initial inrush current
into a cold filament is reduced. The life of the lamp is increased when
switched by a zero-voltage turn-on SSR. The following table is a guide
to selecting an Opto 22 SSR for switching a given incandescent lamp.

120 Volt Lamps

SSR CURRENT RATING | LAMP RATING
2-Amp 100 Watt
4-Amp 400 Watt
10-Amp 1 Kilowatt
25-Amp 2 Kilowatt
45-Amp 3 Kilowatt

240 Volt Rating

SSR CURRENT RATING | LAMP RATING
2-Amp 200 Watt
4-Amp 800 Watt
10-Amp 2 Kilowatt
25-Amp 4 Kilowatt
45-Amp 6 Kilowatt
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Heater Loads

Care should be taken in selecting a SSR for driving a heater load if the
load is cycled on and off in a continuous manner as might occurin a
temperature control application. Constant cycling can cause thermal
fatigue in the thyristor chip at the point where the chip bonds to the
lead frame. Opto 22 employs a thick copper lead frame for mounting
the SCR chips in the power series SSRs to eliminate thermal fatigue
failures. In addition, Opto 22 recommends operating any SSR at 75%
rated current for cycling heater loads to ensure complete reliability.

The following table is a guide to selecting the proper SSRfor a given
heater load.”

Nominal SSR Maximum
Current Rating Recommended
Heater Current
2-Amp 1%2-Amp
4-Amp 2%-Amp
10-Amp 7%-Amp
25-Amp 18-Amp
45-Amp 35-Amp
10480V 8-Amp
10480V 8-Amp

* Ambient temperature will affect the current rating. For details, see
the Thermal Ratings charts.

Single-Phase Reversing Motor Control

The circuit diagram below illustrates a typical 1 @ motor winding
inductance and the phase shift capacitor can cause twice-line voltage
to appear across the open SSR. A 240-volt SSR should be used for a
120-volt line. During the transition period when one SSRis turned on
and the other SSR is going off, both SSRs may be on. In this case, the
capacitor may discharge through the two SSRs, causing large currents
to flow, which may destroy the SSRs. The addition of RL as shown will
protect the SSRs from the short circuit capacitor discharge current.

14 EAC
10 x SSR full load rating

CALCULATE RLas: RL=

EXAMPLE: 10amp SSR
120V AC Line

RL= 14x120 =17 ohm

10x10
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Single-Phase Reversing Motor Control (cont.)
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The resistors are unnecessary if the control circuit is designed
to ensure that one SSR is off before the other SSR is on.

Three-Phase Motor Control

85R1

o of
O of

SSR2 b o

o—
3z
POWER o O

r _k 1
S9R3 | |

10 O1

e

Three-phase motors may be controlled by solid-state relays as shown.
A third SSR as shown is optional, but not necessary. The control
windings may be connected in series or parallel. Care should be taken
to ensure that the surge current drawn by the motor does not exceed
the surge current rating of the SSR.

240 Volt Three-Phase Motor 480 Volt Three-Phase Motors

SSR MODEL MOTOR SSR MODEL MOTOR
SSR MODEL MOTOR 480D10-12 1-%2 HP
Z240D10 3/4 HP 480D15-12 1-% HP
240D10 3/4 HP
240A10 3/4 HP
240D25 2 HP
240A25 2 HP
240D45 3 HP
UsA
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Three-Phase Reversing Motor Control

| SSRI
I
3:A0 SSR2

el WoToR
S5R4

Three-phase reversing motor control can be implemented with four
SSRs as shown in the connection diagram. The SSRs workin pairs with
SSR1 and SSR3 operated for rotation in one direction and SSR2 and
SSR4 operated for rotation in the reverse direction. The resistor R1 as
shown in the connection diagram protects against line-to-line shorts
if SSRT and SSR4 or SSR3 and SSR2 are on at the same time during the
reversing transition period. Use the following table as a guide to the
proper selection of an SSR for this:application.

Opto 22 | Motor Full Resistor for Resistor for
Relay | Load Rating 120V line 240V line
3-Amp 1.25-Amp 4 ohm 50 W 8 ohm 50 W

10-Amp 5-Amp 1 ohm 100 W 2 ohm 100 W

25-Amp 8-Amp .50hm 100 W | 10hm 100 W

45-Amp 16-Amp 250hm 150 W | .5 ohm 150 W

15-Amp 5-Amp 1 ohm 100 W 2 ohm 100 W

OPTO 22 - 800-321-6786 - 1-951-695-3000 - www.opto22.com - sales@opto22.com
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FAQ: SSR APPLICATIONS

Q : What is a solid-state relay?

A: A solid-state relay (SSR) is a semiconductor device that can be used
in place of a mechanical relay to switch electricity to a load in many
applications. Solid-state relays are purely electronic, normally
composed of a low current “control”side (equivalent to the coil on an
electromechanical relay) and a high-current load side (equivalent to
the contact on a conventional relay). SSRs typically also feature
electrical isolation to several thousand volts between the control and
load sides. Because of thisisolation, the load side of the relay is
actually powered by the switched line; both line voltage and a load
(not to mention a control signal) must be present for the relay to
operate.

Q : What are the advantages of using an SSR over a mechani-
cal relay?

A:There are many applications that require a moderate amount of
power (W to kW) to be switched on and off fairly rapidly. A good
example would be the operation of a heater element in a
controlled-temperature system. Typically, the amount of heat put into
the system is regulated using pulse-width modulation turning a
fixed-power heating element on and off for time periods ranging
from seconds to minutes. Mechanical relays have a finite cycle life, as
their components tend to wear out over thousands to millions of
cycles. SSRs do not have this problem; in the proper application, they
could be operated almost infinitely.

Q : What are the limitations of using an SSR?

A: SSRs have a few limitations when compared to the capabilities of
their mechanical counterparts. First, because the relay is
semiconductor-based, it will never turn all the way on, nor off. This
means that in the “on”state, the relay still has some internal resistance
to the flow of electricity, causing it to get hot. When in the “off” state,
the relay will exhibit a small amount of leakage current, typically a few
mA.This leakage can conspire to keep some loads, especially ones
with a high impedance, from turning offl Additionally, SSRs are more
sensitive to voltage transients; while Opto 22 relays are very well
transient-protected, if a relay gets hit hard enough a sufficient
number of times, it will die or degrade. This makes SSRs less ideal for
driving highly inductive electromechanical loads, such as some
solenoids or motors. SSRs should also never be used for applications
such as safety power disconnects, because even in the off state,
leakage current is present. Leakage current through an SSR also
implies the presence of a potentially high voltage. Even though the
relay is not conducting a large amount of current, the switched
terminal will still be “hot,”and thus dangerous.
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Q: Which SSRs should | use with a printed circuit board (PCB)?

A: If you are mounting SSRs to a PCB, use the MP or P series SSRs
which are designed for that purpose.

We do not recommend mounting the terminal side of a Power Series
or Z series SSR to a flat PCB (or to any other flat surface), because there
may be some variation in terminal height or alignment from one
terminal to another and from one SSR to another.

Q : Do you make multi-pole or multi-throw SSRs?

A: Opto 22 manufactures only single-pole, single-throw SSRs. If
multi-phase operation is required, just use a relay on each phase.
Because of the limitations on semiconductor devices of the type used
in SSRs, it is not practical to build single-device multi-throw SSRs.
However, an alternative to multi-throw operation may be
accomplished with multiple relays.

Q : Can | hook up SSRs in‘parallel to achieve a higher current
rating?

A:No.There is no way to guarantee that two or more relays will turn
on simultaneously when operated in parallel. Each relay requires a
minimum voltage across the output terminals to function; because of
the optical isolation feature, the “contact” part of the SSR'is actually
powered by the line it switches. One relay turning on before the other
will cause the second relay to lose its turn-on voltage, and it won't
ever turn on, or at least not until the first relay fails from carrying too
much current.

Q : What does a “zero-crossing” turn-on circuit refer to?

A: An AC sine wave will be positive for the first half of each cycle and
negative for the second half of each cycle. The voltage will cross
through zero when the sine wave changes from the positive
half-cycle to the negative half-cycle, and vice versa. So the voltage
crosses through zero twice with each full AC sine wave cycle.
"Zero-crossing” turn-on means that the SSR will only turn on when
the AC sine wave passes through zero voltage. The actual turn-on will
occur at or near zero voltage. All Opto 22 AC output solid-state relays
are designed with a zero-crossing turn-on circuit. Zero-voltage
turn-on has the benefit of minimizing electrical noise. All Opto 22 AC
output solid-state relays use a zero-current turn-off circuit as well.

Q: Canluse an AC SSR to switch DC?

A: No. Because of the zero-crossing circuit described above, the relay
will most likely never turn on, and even if it is on, it will most likely not
be able to be turned off.

Q:Canluse aDC SSR to switch AC?

A: No. The semiconductor device used in Opto 22's DC SSRs is
polarized. It may break down and conduct for the portion of the
waveform that is reversed in polarity.
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Q: Can a DC SSR be used to switch an analog signal?

A: This is not recommended at all. First, the voltage drop across the
relay will cause signal loss. Second, the conduction characteristics of
the SSR are very non-linear at low operating voltages and currents.
Use a mechanical relay; it will work much better.

Q : What agency approvals do your SSRs carry?

A:In general, Opto 22 relays carry UL, CSA, and CE approval. See
http://support.opto22.com. Additionally, some SSRs contain
VDE-approved optocouplers; contact Opto 22 for more information.

FAQ: SSR TROUBLESHOOTING

Q: My SSR does not function anymore. What may have hap-
pened?

|//

A:There is no “normal” mode of failure for SSRs. They just stop
working, by refusing to turn on or off. An improper installation is often
to blame for an SSRfailure, as these are very simple, reliable devices. If
you have a failed SSR, it is important to look at the normal operating
parameters of that relay within the larger system to make sure that the
relay being used is appropriate to the application, and that the relay is
being properly installed in the system. The three most common
causes of SSR failure are as follows:

«  SSRimproperly matched to load. The relay was destroyed by
overheating from carrying too much current too long.

« SSRinsufficiently protected. Remember, a semiconductor is
less tough than a simple metal contact. Reverse voltages
exceeding the PRV rating of the relay will cause damage. Voltage
spikes on the switched line, perhaps from inductive kickback, may
have destroyed one or more of the internal switching devices.
Remember to use snubbers, transorbs, MOVs, and/or
commutating diodes on highly inductive loads.

« SSRimproperly installed. The SSR was not mounted to a large
enough heat sink, or no thermal compound was used, causing
the relay to overheat. Also, insufficient tightening of the load
terminals can cause arcing and ohmic heating of the relay.

Opto 22 recommends 18 inch-pounds of torque on the load
screw terminals. Similar failures have also been attributed to the
use of crimp-on terminal lugs or spades; make sure such terminals
are tightly crimped, and even drip some solder into the joint to
ensure good electrical contact and protection from corrosion.

Q : How can | test my SSR?

A: Itiis not possible to test an SSR by the same methods used to test
mechanical relays; a typical SSR will always show an infinite
impedance to a resistance meter placed across the output terminals.
There are a few reasons for this. First, the SSR requires a small amount
of power to operate, derived from whatever voltage source is placed
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on the load terminals. A typical multimeter will not supply sufficient
voltage to cause the relay to change state. Second, AC SSRs contain
zero-voltage turn-on and zero-current turn-off circuits. The SSR will
not be able to turn on unless there is AC voltage connected to the
output terminals. Most test equipment will supply a DC voltage to the
relay, so it will never see the zero-voltage transition it requires to turn
on.To test an SSR, it is best to operate it at the actual line voltage it
will be used at, driving a load such as a large light bulb.

Q : I have an SSR driving a load. The load turns on okay, but
never seems to turn off, unless | remove power from the relay
entirely. What might be happening?

A:This is normally a problem when using an SSR with a
high-impedance load, such as a neon lamp-or a small solenoid. Loads
like these often have relatively large initial currents, but relatively small
“hold in” currents. The result is that the off-state leakage current
through the relay (see previous section) is insufficient to cause the
load to turn on to start with, but/sufficient to keep it on, once started.
The solution is to place a power resistor, sized for 8-10 times the rated
maximum leakage current for the SSR in parallel with the load. Make
sure that this resistor has a high enough power rating for the
application. For example, for a 5 mA leakage current at 120 VAC, a
resistor drawing 50 mA would be desirable. Using Ohm’s Law, the
resistor value becomes 2,400 ohms. This resistor will dissipate 6 watts,
soa 7.5 or 10-watt size power resistor should be used.

Q: I have a new AC SSR driving a solenoid. It turns on okay
once, but will not turn 'on again. Whatis going on?

A: Some solenoids, some types of halogen lights, and some types of
strobe lights incorporate a diode in series with the coil or filament.
This causes the light to behave as a half-wave rectifier. Opto 22 SSRs
have a built-in R-C snubber circuit in parallel with the output. The
capacitor in this circuit charges up but cannot discharge through the
series diode, causing a voltage to appear across the SSR terminals.
Because the SSR must detect the AC waveform cross through zero
volts on the load terminals, it will not be able to turn on again. The
solution here would be to put a high-value resistor (several tens of
Kohms) across the terminals of the relay, to allow the capacitor to
drain its charge.
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More about Opto 22

PRODUCTS

Opto 22 develops and manufactures reliable, easy-to-use, open
standards-based hardware and software products. Industrial
automation, process control, building automation, industrial
refrigeration, remote monitoring, data acquisition, and industrial
internet of things (loT) applications worldwide all rely on Opto 22.

groov EPIC® System

Opto 22's groov Edge Programmable
Industrial Controller (EPIC) system gives you
an industrially hardened system with
guaranteed-for-life 1/0, a flexible Linux®-
based processor with gateway functions,
and software for your automation and lloT
applications.

groov EPIC I/0

groov I/0 connects locally to sensors and

equipment with up to 24 channels on each I/0 module. Modules
have a spring-clamp terminal strip, integrated wireway, swing-away
cover, and LEDs indicating module health and discrete channel status.

groov I/O is hot swappable, UL Hazardous Locations approved, and
ATEX compliant.

groov EPIC Processor

The heart of the system is the groov EPIC processor. It handles a wide
range of digital, analog, and serial functions for data collection,
remote monitoring, process control, and discrete and hybrid
manufacturing.

In addition, the EPIC provides secure data communications among
physical assets, control systems, software applications, and online
services, both on premises and in the cloud.

Configuring and troubleshooting I/0 and networking is easier with
the EPIC's integrated high-resolution color touchscreen. Authorized
users can manage the system locally on the touchscreen or on a
monitor connected via the HDMI or USB ports.

groov EPIC Software

Software included in the groov EPIC processor:

«  PAC Control engine to run PAC Control and PAC Display

«  CODESYS Runtime engine to run IEC61131-3 compliant programs
built with CODESYS Development System

« Optional access to the Linux operating system through a secure
shell (SSH) to download and run custom applications

« groov View for building your own device-independent HMI,
viewable on the touchscreen, PCs, and mobile devices

+  Node-RED for creating simple logic flows from pre-built nodes

« Ignition Edge® from Inductive Automation®, with OPC-UA drivers
to Allen-Bradley®, Siemens®, and other control systems, and MQTT
communications with Sparkplug for efficient lloT data transfer

OPTO 22 - www.opto22.com
43044 Business Park Dr. Temecula, CA 92590-3614
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800-321-6786 + 1-951-695-3000
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groov RIO®

groov RIO revolutionizes remote I/O by offering a single, compact,
PoE-powered industrial package with web-based configuration,
commissioning, and flow logic software built in, plus support for
multiple OT and IT protocols.

Standing alone, it meets the needs of small,
variable I/0 count applications, especially
those that require data logging or data
communications, commonly found in lloT
applications. groov RIO can also be used
with a Modbus/TCP master or as remote 1/0
for a groov EPIC system.

Olderproducts

From solid state relays (our first products) to
world-famous G4 and SNAP I/0, to SNAP PAC
controllers, older Opto 22 products are still
supported and still doing the job at
thousands of installations worldwide. You can count on us to give you
the reliability and service you expect, now and in the future.

QUALITY

Founded in 1974, Opto 22 has established a worldwide reputation for
high-quality products. All are made in the U.S.A. at our manufacturing
facility in Temecula, California.

Because we test each product twice before it leaves our factory rather
than testing a sample of each batch, we can afford to guarantee most
solid-state relays and optically isolated I/0 modules for life.

FREE PRODUCT SUPPORT

Opto 22's California-based Product Support Group offers free,
comprehensive technical support for Opto 22 products from
engineers with decades of training and experience. Support is
available in English and Spanish by phone or email, Monday—Friday,
7.am.to5p.m.PST.

Support is always available on our website, including free online
training at OptoU, how-to videos, user’s quides, the Opto 22
KnowledgeBase, troubleshooting tips, and OptoForums. In addition,
instructor-led, hands-on Premium Factory Training is available at our
Temecula, California headquarters, and you can register online.

PURCHASING OPTO 22 PRODUCTS

Opto 22 products are sold directly and through a worldwide network
of distributors, partners, and system integrators. For more information,
contact Opto 22 headquarters at 800-321-6786 (toll-free in the U.S.
and Canada) or +1-951-695-3000, or visit our website at
WWW.0pto22.com.
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Rev.2B

2d16-18-13
ITEM CONTENTS UNIT
LCD Type TFT/Transmissive/Normally white /
Size 7.0 Inch
Viewing Direction 12:00 (without image inversion) O’ Clock
Gray Scale Inversion Direction 6:00 O’ Clock
LCM (W x H x D) 165.60 x100.60x 11.98 mm?3
Active Area (W x H) 154.08 x 85.92 mm?
Dot Pitch (W x H) 0.1926 x0.179 mm?
Number of Dots 800 (RGB) x 480 /
Driver IC FT813 /
Backlight Type 21 LEDs /
Surface Luminance 350 cd/m?
Interface Type SPI/QSPI /
Color Depth 16.7M /
Pixel Arrangement RGB Vertical Stripe /
Surface Treatment Clear
Input Voltage 33 \Y
With/Without TSP Projected Capacitive Touch Panel /
Weight 251.1 g

Note 1: RoHS compliant

Note 2: LCM weight tolerance: + 5%.
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LCDO TFT Datasheet Rev.2.0
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1.0 2015-05-12  Initial Release
11 2015-09-21 ppdate t'otal thickness, color depth and weight
information
1.2 2016-01-12 Update Input Voltage for LED Inverter
1.3 2016-06-06 Update Interface description (pin 4 and pin 5)
1.4 2016-10-13  Added Inspection Standards
2.0 2016-10-13  New PCT Controller
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LCDO TFT Datasheet Rev.2.0

RVT70AQFFWCO00 =N 4
1 MODULE CLASSIFICATION INFORMATION
1 2 3. 4 6 7 8. 9 10.
1. BRAND RV — Riverdi
3 PRODUCT TYES T-TFT Standard
F—TFT Custom
35-3.5"
DISPLAY SIZE 43-4.3"
3. S S 50— 5.0
70-7.0"
4. MODEL SERIAL NO. A(A-2)
5 RESOLUTION Q — 800x480 px
T—TFT LCD, RGB
", L—TFT LCD, LVDS
6. INWEREADH S —TFT + Controller SSD1963
F—TFT + Controller FT813
v FRAME N — No Frame
| F — Mounting Frame
8. BACKLIGHT TYPE W — LED White
N — No Touch Panel
0. TOUCH PANEL R — Resistive Touch Panel
C — Capacitive Touch Panel
10. VERSION 00 (00-99)
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LCO TFT Datasheet Rev.2.0

~~
RVT70AQFFWC00 =N 4
PIN DESC
1 VDD
2 GND
3] SPI_SCLK
4] MISO/O1
165.6 (Frame OD)
i+ Vs 181.640.2
| MOSIIO0 s 200 T oy e
156.68+0.2 (TP AA) 5.34 173.9
6 CS 155.08+0.2 (TP VA) 6.21 2.3 (CG, LOCA, SENSOR, GASKET)
7 INT 154.08 (TFT AA) 711 1.1(COVER GLASS-CG) oW
8 PD & 2 2
g NC A ‘E@ ] 77
10] AUDIO_OUT ] E - sy Bl e
11| GPIOO/IO2 | E s Mo,
12 GP|O1/|03 _ & ~ z 2 = 800(H)X(3RGB)X480(V) F H% | -
3] GPIO2 g 8 s | o L4 > [ 8, Bovre . )
El £lEl & & E 4 3 2
14| GPIO3 € 33 3538 P ; .-
B NC g 53 85 ° | a 181}
16 NC ‘ >
17| BLVDD L] %y v
18] BLVDD 8] B N A a7 T 4 | o % o}
19| BLGND S
20 BLGND za 8%
-
¢g
ZE
g ; DETAILB
SCALE 4:1
gg‘;ﬁgé\01 MAX (0.2 X 45°) ) . .
' ity Internal Backlight LED Circuit
S 0.0642 VLED+
dldslr SR NV R A2 IR ANIAVAN
N N N\ N N N\ N\ CTP PIN DESC
N N\ N\ N\ N\ N\ N\ PIN NO. SYMBOL
RGB|R VLED- 1 Vss
2 VDD
3 SCL
4 NC
NOTES: 5 SDA
1. DISPLAY TYPE: TFT, TRANSMISSIVE, NORMALLY WHITE I
2.7.0 INCH PROJECTIVE CAPACITIVE TOUCH PANEL. S
3. OPERATION VOLTAGE: VDD=3.3V o T T
4. VIEWING DIRECTION: 12 O'CLOCK 0] vss
5. LED BACKLIGHT: 21-LED WHITE, BUILT-IN INVERTER CUSTOMER ‘ DATE\ 2015.09.21
6.1C CONTROLLER: FT813
7. CTP IC DRIVER: FT5406 DRAWN SCALE 11 | TITLE
8. CTP MULTI FINGER: UP TO 5 DFTG CHK UNIT RVT70AQFFWCO00
9. OPERATING TEMP.: -20°C ~ 70°C 1.2 |Update pin description 2016.06.06 ENGR CHK VIODEL
10. STORAGE TEMP.: -30°C ~ 80°C X
I thick 2015.09.21 @—%
11. SURFACE LUMINANCE: 350 cd/mA2 1.1 |Update total thickness 015.09.21 | APPROVAL
12. GENERAL TOLERANCE: 0.2 10 |Initial case 2015.05.10 r ; ‘ DWG NO PAGE
13. RoHS COMPLIANT £ RNE[:C“
Ver.| DESCRIPTION DATE our pixels behave Rev.1.1 11

© 24 Riverdi

Page 4 of 1M

www.riverdi.com




LCD TFT Datasheet Rev.2.0
RVT70AQFFWCO00

3 ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL MIN MAX UNIT
Supply Voltage For Logic VDD -0.3 3.6 \Y
Input Voltage For Logic VIN -0.3 VDD Y
Input Voltage For LED Inverter BLVDD -0.3 7.0 V
Operating Temperature Top -20 70 °C
Storage Temperature Tst -30 80 °C
Humidity RH - 90% (Max 60°C) RH

4  ELECTRICAL CHARACTERISTICS e

PARAMETER SYMBOL MIN TYP MAX UNIT
Supply Voltage For Module VDD 3.0 3.3 3.6 Vv
Input Voltage for LED Inverter BLVDD 2.8 5.0 5.5 \
Input Current (Exclude LED Backlight) IDD - TBD - mA
LED Backlight Current IDDbackiight (@ 5V) - 450 540 mA
Input Voltage ' H ' level ViH 0.7vDD - VDD Vv
Input Voltage ' L' level Vi 0 - 0.2vDD \Y
LED Life Time - 30000 50000 - Hrs
Note: The LED life time is defined as the module brightness decrease to 50% original brightness at
Ta=25°C

5 ELECTRO-OPTICAL CHARACTERISTICS

ITEM SYMBOL CONDITION MIN TYP LMAX UNIT REMARK NOTE

Response Time Tr+Tf 0=0° VOV TR ¢ ms FIG 1. 4
Contrast Ratio Cr p=0° 400 500 - --- FIG 2. 1
Luminance 6 Ta=25 70 75 - % FIG 2. 3
Uniformity WHITE
Surface Luminance Lv - 350 - cd/m? FIG 2. 2
@ =90° 40 50 7 deg FIG 3.
@ =270° 60 70 - deg FIG 3.
Viewing Angle Range §] P=0° 60 70 - deg FIG 3. 6
@ = 180° 60 70 - deg FIG 3.
Red X = - = .
y . 1 i
CIE (x,y) Green X 0=0° o E o
Chromaticity y @=0° : - " - FIG 2. 5
Blue X Ta=25 - - -
y _ _ _
White X - 0.280 -
y - 0.310 -
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Note 1. Contrast Ratio(CR) is defined mathematically as below, for more information see Figure 1.

Average Surface Luminance with all white pixels (P1, P2, P3, P4, P5)

Contrast Ratio =
ontrast Ratio Average Surface Luminance with all black pixels (P1, P2, P3, P4, P5)

Note 2. Surface luminance is the LCD surface from the surface with all pixels displaying white. For more
information, see Figure 2.

Lv = Average Surface Luminance with all white pixels (P1, P2, P3, P4, P5)

Note 3. The uniformity in surface luminance 6 WHITE is determined by measuring luminance at each
test position 1 through 5, and then dividing the maximum luminance of 5 points luminance by
minimum luminance of 5 points luminance. For more information, see Figure 2.

Minimum Surface Luminance with all white pixels (P1, P2, P3, P4, P5)
Maximum Surface Luminance with all white pixels (P1, P2, P3, P4, P5)

6 WHITE =

Note 4. Response time is the time required for the display to transition from white to black (Rise Time,
Tr) and from black to white (Decay Time, Tf). For additional information see Figure 1. The test
equipment is Autronic-Melchers’s ConoScope series.

Note 5. CIE (x, y) chromaticity, the x, y value is determined by measuring luminance at each test
position 1 through 5, and then make average value.

Note 6. Viewing angle is the angle at which the contrast ratio is greater than 2. For TFT module the
contrast ratio is greater than 10. The angles are determined for the horizontal or x axis and the vertical
or y axis with respect to the z axis which is normal to the LCD surface. For more information see Figure
3.

Note 7. For viewing angle and response time testing, the testing data is based on Autronic-Melchers’s
ConoScope series. Instruments for Contrast Ratio, Surface Luminance, Luminance Uniformity, CIE the
test data is based on TOPCON'’s BM-5 photo detector.

Figure 1. The definition of response time

> Tr= — Tf —

100% }

I R-UEY ittt S I A’ A
g 2 |
28 \
O o Y

(18
LS — ) S ————————— S e
white black white
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Figure 2.Measuring method for Contrast ratio, surface luminance, Luminance uniformity, CIE (x, y) chromaticity

A:S5mm

B:5mm

H,V : Active Area

Light spot size @=5mm, 500mm distance from the
LCD surface to detector lens

measurement instrument is TOPCON’s luminance
meter BM-5

Figure 3.The definition of viewing angle

8=0
Up 7
$=90
{12:00) 5

¥

Left : Right
®=180 . i O=0
{3:00) {3:00)
Down
®=270
(6:00)
6 INTERFACE DESCRIPTION
PINNO. SYMBOL DESCRIPTION
1 VDD Power Supply
2 GND Ground
3 SPI_SCLK SPI SCK Signal, Internally 47k Pull UP
4 MISO/ 101 SPI MISO Signal / SPI Quad mode: SPI data line 1
5 MOSI/ 100 SPI MOSI Signal / SPI Quad mode: SPI data line O
6 CS SPI Chip Select Signal, Internally 47k Pull UP
7 INT Interrupt Signal, Active Low, Internally 47k Pull UP
8 PD Power Down Signal, Active Low, Internally 47k Pull UP
9 NC Not Connected
10 AUDIO_OUT Audio Out Signal
11 GPI100/102 SPI Single mode: General purpose 100/ SPI Quad mode: SPI data line 2
12 GPIO1/103 SPI Single mode: General purpose 101/ SPI Quad mode: SPI data line 3
13 GPIO2 General purpose 102
14 GPIO3 General purpose 103 or analog input for ADC
15 NC Not Connected
16 NC Not Connected
17 BLVDD Backlight Power Supply, Can Be Connected to VDD
18 BLVDD Backlight Power Supply, Can Be Connected to VDD
19 BLGND Backlight Ground, Internally connected to GND
20 BLGND Backlight Ground, Internally connected to GND
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7 FT813 CONTROLLER SPECIFICATIONS

FT813 or EVE (Embedded Video Engine) simplifies the system architecture for advanced human
machine interfaces (HMlIs) by providing functionality for display, audio, and touch as well as an object
oriented architecture approach that extends from display creation to the rendering of the graphics.

7.1 Serial host interface

Figure 4.SPl interface connection

SCLK >
MISO <——
MOSI <

csS —

SCLK
MISO/100
MOSI/101
CS

Figure 5. QSPI interface connection

SCLK >
100 < —
WY/ ~_—
102 ¢ = —
108 —
CS /1~

SPI Interface — the SPI slave interface operates up to 30MHz.
Only SPI mode 0 is supported. The SPI interface is selected by default (MODE pin is internally pulled

low by 47k resistor).

SPI_SCLK
MISO/100
MOSI/101
102

103

CS

QSPI Interface — the QSPI slave interface operates up to 30MHz. Only SPI mode 0 is supported. The
QSPI can be configured as a SPI slave in SINGLE, DUAL or QUAD data bus modes.

By default the SPI slave operates in the SINGLE channel mode with MOSI as input from the master and
MISO as output to the master. DUAL and QUAD channel modes can be configured through the SPI slave
itself. To change the channel modes, write to register REG_SPI_WIDTH.
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7.2 Block Diagram

Figure 6. FT813 Block diagram

VCCioL ( MemoRvAND VCCio2
SCK SECCESSHG R7..R0
MIS0/100 67..60
MOSI/I01 REGISTERS
GPIO/I02 87..80
GPI01/103
SN RAM PCLK
INTN HSYNC
VSYNC
DE
DISP
ROM BACKLIGHT
X1/CLK
0 > AUDIO_L
PGPIOZ AUDIO
SRR ENGINE (" toucHcontROL )
CTP_RST_N
VouTiv2 CAPACITIVE/ CIP_INT_N
vec TOUCH RESISTIVE fet——> (TP_SCL
PD_N ENGINE et CTP_SDA
GND \ ) / Xt XYY
7.3  Hostinterface SPI mode O
Figure 7. SPI timing diagram
Tsclk Tesnh
CSN Tsac Tsclkh Tsclkl )
SCLK Tisu Tih \ f \
MOS| ) 4 ) 4 X X
MISO X X >
Tzo Tod Toz

For more information about FT813 controller please go to official FT81x website.
http://www.ftdichip.com/Products/ICs/FT81X.html

7.4  Backlight driverblock diagram

Backlight enable signal is internally connected to FT813 Backlight control pin. This pin is controlled by
two FT813’s registers. One of them specifies the PWM output frequency, second one specifies the
duty cycle. Refer to FT813 datasheet for more information.

FT813

Figure 8. Backlight driver block diagram

BLVDD
S >

PWM dimming signal
>

LED backlight
driver

LED circuit

N
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8 LCD TIMING CHARACTERISTICS
8.1 Clock and data input time diagram

Figure 9. Horizontal input timing diagram

H Pulse Width !

HS.
pek 1AM INNNNNANNAT 1TNONNONOnmn slilils

(HV Mode) SN
RO~R7-
G0~G7-
B0~B7-
RO~R7-
G0~G7.
B0~B7-
(DE Mode)
DE-

¥ V3 5
x

N g X ! .
H Blanking(ty) Active Area(fya) H Front Porch(tygp)

Total Area(ty)

Figure 10. Vertical input timing diagram

- T —

tyh tva tyfp
tv
////
8.2 Parallel RGB mput tlmlng table /
lm-lm_

DCLK Frequency Fclk 26.4 33.3 46.8
VSD Period Time tv 5100 525 650 TH
VSD Display Area tvd 480 TH
VSD Blanking tvb 23 TH
VSD Front Porch tvfp 7 22 147 TH
VSD Pulse Width tvpw 1 - 20 TH
HSD Pulse Width thpw 1 - 40 DCLK
HSD Period Time th 862 1056 1200 DCLK
HSD Display Area thd 800 DCLK
HSD Blanking thb 46 DCLK
HSD Front Porch thfp 16 210 354 DCLK
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9 CAPACITIVE TOUCH SCREEN PANEL SPECIFICATIONS

The Capacitive Touch Panel is directly connected to FT813 module. Therefore communication with

Capacitive Touch Panel is simplified to read registers of FT813.

Figure 11. Capacitive Touch Panel Connection

FT813

-

|2C interface

9.1 Mechanical.characteristics

DESCRIPTION
Touch Panel Size
Outline Dimension (OD)
Product Thickness
Glass Thickness

Ink View Area

Sensor Active Area
Input Method
Activation Force
Surface Hardness

9.2 Electrical characteristics

INL SPECIFICATION

7 inch

164.4mm x 99.45mm

2.3mm
1.1mm

155.08mm x 87.42mm
156.68mm x 88.52mm

5 Finger
Touch
>7H

Capacitive
touch panel

REMARK

Cover Lens Outline

DESCRIPTION

Operating Voltage
Power Consumption (IDD)

Interface
Linearity
Controller
I12C address
Resolution

Active Mode

Sleep Mode

SPECIFICATION
DC 2.8~3.3V
10~18mA

30~50pA

1°C

<1.5%

FT5426

0x38 (7-bit address)
1792*1024
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10 INSPECTION

Standard acceptance/rejection criteria for TFT module.

10.1 Inspection condition
Ambient conditions:

e Temperature: 25+°C
e Humidity: (60£10) %RH

e [llumination: Single fluorescent lamp non-directive (300 to 700 lux)

Viewing distance: [
35+5cm between inspéétéf bare eye and LCD.
Viewing Angle: ’
U/D: 45°/45°, LR 45°/45°

Eye position

30-40cm

LCD
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10.2 Inspection standard

Criterion

Black spots, white
spots, light leakage,

Foreign Particl o
(round Type) Average Diameter Qualified Qty
D<0.2 mm Ignored
< 0.2mm<D<03mm 3
I 0.3mm<D<05mm 2
0.5mm<D 0
(2 + e S
D = > Average Diameter Qualified Qty
D<0.2 mm Ignored
*Spots density: 10 mm 0.2mm<D<03mm 4
0.3mMm<D<05mm 2
0.5mm<D 0
LCD black spots, white
spots, light leakage Width

(line Type) : 7 77
gl Length Width Qualified

+ Qty

- W< 0.02 Ignored
L<3.0 0.02<W<0.05 2
L<2.5 0.05 < W <0.08

- - 0.08 <W 0
o
3
Length Width Qualified
Qty
- W< 0.02 Ignored
v L<3.0 0.02<W<0.05 4
*SpOtS denSity: 10 mm L<2.5 0.05 < W <0.08
- 0.08<W 0
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Clear spots

Average Diameter Qualified Qty
D<0.2 mm Ignored

0.2 mm<D<0.3mm 3

0.3 mm<D<0.5mm 2

0.5mm<D 0

Average Diameter Qualified Qty
D<0.2 mm [ Ignored

0.2 mm<D<0.3mm _ 4
0.3mm<D<0.5mm 2

0,5mm<D 0

*Spots density: 10 mm
Polarizer bubbles.

Size < 5”
Average Diameter Qualified Qty
D<0.2 mm Ignored '
0.2mm<D<0.5mm 3
0.5mm<D<1mm 2
1mm<D 0
‘:‘ Total Q'ty 3 “;
|
|
Average Diameter Qualified Qty
D<0.25 mm Ignored
0.25mm <D< 0.5 mm 3
0.5mm<D 0
Electrical Dot J
Defect
 item Qualified Qty
“Black do defect 4
Bright dot defect 2
Total Dot : 5
item Qualified Qty
Black do defect 5
Bright dot defect 2
Total Dot 5
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Touch panel spot

Average Diameter Qualified Qty

D<0.2 mm Ignored

0.2 mm<D<0.4mm 5

0.4 mm<D<0.5mm 2

0.5mm<D 0

Average Diameter - Qualified Qty
D<0.25mm —— lgnored

0.25mm <D< 0.5 mm 4

0.5mm<D W 0

Touch panel Whit’/e/'/

Line Scratch -

Length Width Qualified Qty
- W< 0.02 Ignored
L<3.0 0.02 < W <0.05 2
L<2.5 0.05< W <0.08
- 0.08<W 0
| Size >= 5" ‘
Length Width Qualified Qty
\ - W< 0.03 Ignored
L<5.0 0.03 < W <0.05 2
- 0.05<W 0
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11 RELIABILITY TEST

NO. TEST ITEM

1 High Temperature Storage

2 Low Temperature Storage

3 High Temperature Operating

4 Low Temperature Operating
Temperature Cycle

5

6 Damp Proof Test
Vibration Test

8 Package Vibration Test

9 Package Drop Test

10 ESD Test

11 Mechanical Shock

TEST CONDITION
80+2°C/240hours
-30+2°C/240hours
70%2°C/240hours
-20+2°C/240hours
-30+2°C~25~80+2°C x 20 cycles
(30min.) (5min.) (30min.)
60°C £5°C x 90%RH/240hours
Frequency 10Hz~55Hz
Amplitude of vibration : 1.5mm
Sweep: 10Hz~55Hz~10Hz
X, Y, Z 2 hours for each direction.
Random vibration :0.15G*G/HZ from
5-200HZ,-6dB/Octave from 200-500HZ
of each direction of X.Y. Z
(6 hours for total)
Height:60 cm
1 corner,3 edges,6 surfaces
* 2KV, Human body mode,100pF/1500Q
100G 6ms, X, Y, Z 3 times for each
direction
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12 LEGAL INFORMATION

Riverdi makes no warranty, either expressed or implied with respect to any product, and specifically
disclaims all other warranties, including, without limitation, warranties for merchantability, non-
infringement and fitness for any particular purpose. Information about device are the property of
Riverdi and may be the subject of patents pending or granted. It is not allowed to copy or disclosed
this document without prior written permission.

Riverdi endeavors to ensure that the all contained information in this document are correct but does
not accept liability for any error or omission. Riverdi products are in developing process and published
information may be not up to date. Riverdi reserves the right to update and makes changes to
Specifications or written material without prior notice at any time. It is important to check the current
position with Riverdi.

Images and graphics used inthis document are only for illustrative the purpose. Allimages and graphics
are possible to be displayed on the range products of Riverdi, however the quality may vary. Riverdi is
no liable to the buyer or to any third part for any indirect, incidental, special, consequential, punitive
or exemplary damages (including without limitation lost profits, lost savings, or loss of business
opportunity) relating to any product, service provided or to be provided by Riverdi, or the use or
inability to use the same, even if Riverdi has been advised of the possibility of such damages.

Riverdi products are not fault tolerant nor designed, manufactured or intended for use or resale as on
line control equipment in hazardous environments requiring fail — safe performance, such as in the
operation of nuclear facilities, aircraft navigation or communication systems, air traffic control, direct
life support machines or weapons systems in which the failure of the product could lead directly to
death, personal injury or severe physical or environmental damage (‘High Risk Activities’). Riverdi and
its suppliers specifically disclaim any expressed or implied warranty of fitness for High Risk Activities.
Using Riverdi products and devices in 'High Risk Activities' and in any other application is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and hold harmless Riverdi from any and all
damages, claims or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Riverdi intellectual property rights.

—_JRiverdl
N our pixels behave
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OMmRON
Switch Mode Power Supply (15/25/35/50/75/100/150/200/350-W Models)

S8FS-C

High Reliability at a Reasonable Cost. s @ CE€
Reliable, Basic Power Supplies That
Contribute to Stable Equipment
Operation.

* High Reliability: Enhanced abnormal overvoltage
resistance and lightning surge resistance for stable
operation even with an unstable input voltage.

* Long Life: Japanese 105°C electrolytic capacitors are used
to achieve stable quality and long life. A reliable 3-year
warranty.

* Wide Input Ranges: 100 to 120 VAC and 200 to 240 VAC

¢ Full Lineup: Models are available for the main output
voltages and capacities used in FA applications.

¢ Global Standards: Conforms to CE (all models), Approved
for UL (all models) and CCC (15 to 150-W models).

* Easy mounting to DIN Rails with Mounting Brackets.

*k Refer to Period and Terms of Warranty on page 39.

A Refer to Safety Precautions for All Power Supplies
and Safety Precautions on page 36.

Product Lineup

Output voltage Power rating

(VDC) 15W 25 W 3B5W 50 W 75 W 100 W 150 W 200 W 350 W
5V Yes Yes Yes Yes Yes Yes Yes Yes Yes
12V Yes Yes Yes Yes Yes Yes Yes Yes Yes
15V Yes Yes Yes Yes Yes Yes Yes

24V Yes Yes Yes Yes Yes Yes Yes Yes Yes
36V Yes Yes Yes Yes
48V Yes Yes Yes Yes Yes Yes

Model Number Structure
Model Number Legend

Note: Not all combinations are possible. Refer to List of Models in Ordering Information on page 2.

S8FS-cO00000
(1) 2 @3

(1) Power Rating (2) Output Voltage (3) Configuration

Code Power rating Code | Output voltage (VDC) Code Terminal Block Direction
015 15W 05 5V

025 25 W 12 12V Blank | Models with terminal block
035 35W 15 15V facing upward

050 50 W 24 24V

075 75W 36 36V

100 100 W 48 48 V J MOQeIs with terminal block
150 150 W facing forward

200 200 W

350 350 W

D Models with DIN rail




S8FS-C
Ordering Information

List of Models
Note: For details on normal stock models, contact your nearest OMRON representative.
Power rating Input voltage OutrzijltDvg;tage Output current | Built-in fan tel:nr'r?%gl Vt\)l:gl:k tell\'llr.r?%?l vt‘)IIIgl:k Mgﬂ\e] ! r\gitllh
facing upward | facing forward

5V 3A S8FS-C01505J | S8FS-C01505D
5w 12V 1.3A S8FS-C01512J | S8FS-C01512D
15V 1A S8FS-C01515J | S8FS-C01515D
24V 07A S8FS-C01524J | S8FS-C01524D
5V 5A S8FS-C02505 | S8FS-C02505J | S8FS-C02505D
05 W 12V 21A S8FS-C02512 | S8FS-C02512J | S8FS-C02512D
15V 1.7A S8FS-C02515 | S8FS-C02515J | S8FS-C02515D
24V 11A S8FS-C02524 | S8FS-C02524J | S8FS-C02524D
5V 7A S8FS-C03505 | S8FS-C03505J | S8FS-C03505D
5w 100 to 240 VAC 12V 3A S8FS-C03512. | S8FS-C03512J | S8FS-C03512D
gi,”?gvsgf\ﬁi“cgi; 15V 2.4A S8FS-C03515 | S8FS-C03515J | S8FS-C03515D
120 to 370 VDC 24V 1.5A S8FS-C03524 | S8FS-C03524J | S8FS-C03524D
*1) 5V 10 A S8FS-C05005 | S8FS-C05005J | S8FS-C05005D
12V 42 A S8FS-C05012 | S8FS-C05012J | S8FS-C05012D
50 W 15V 34A S8FS-C05015 | S8FS-C05015J | S8FS-C05015D
24V 22A S8FS-C05024 | S8FS-C05024J | S8FS-C05024D
48V 1.1A S8FS-C05048 | S8FS-C05048J | S8FS-C05048D
5V 14 A S8FS-C07505 | S8FS-C07505J | S8FS-C07505D
12V 6.2A S8FS-C07512 | S8FS-C07512J | S8FS-C07512D
75 W 15V 5A None S8FS-C07515 | S8FS-C07515J | S8FS-C07515D
24V 3.2A S8FS-C07524 | S8FS-C07524J | S8FS-C07524D
48V 1.6 A S8FS-C07548 | S8FS-C07548J | S8FS-C07548D
100 to 120 VAC, 5V 20 A S8FS-C10005 | S8FS-C10005J | S8FS-C10005D
?:Iﬁ)\‘;’ai‘l‘eo r\;ﬁgce_ 12V 85A SBFS-C10012 | SBFS-C10012J | S8FS-C10012D
85 to 132 VAC 15V 7A S8FS-C10015 | S8FS-C10015J | S8FS-C10015D

100 W ’
176 to 264 VAC, or 24V 45A S8FS-C10024 | S8FS-C10024J | S8FS-C10024D
et 5 oSy 36 V 28A S8FS-C10036 | SBFS-C10036J | SBFS-C10036D
%*2) 48V 2.3A S8FS-C10048 | S8FS-C10048J | S8FS-C10048D
5V 26 A S8FS-C15005 | S8FS-C15005J | S8FS-C15005D
12V 125 A S8FS-C15012 | S8FS-C15012J | S8FS-C15012D
150 W 15V 10A S8FS-C15015 | S8FS-C15015J | S8FS-C15015D
24V 6.5A S8FS-C15024 | S8FS-C15024J | S8FS-C15024D
36V 43A S8FS-C15036 | S8FS-C15036J | S8FS-C15036D
100 to 120 VAC, 48V 3.3A S8FS-C15048 | S8FS-C15048J | S8FS-C15048D
?g&\‘:azb‘l‘g r\;ﬁgce_ 5V 40 A S8FS-C20005 | S8FS-C20005J | SBFS-C20005D
90 to 132 VAC, 12V 17 A S8FS-C20012 | S8FS-C20012J | S8FS-C20012D
200 W 180 to 264 VAC, or 24V 8.8 A S8FS-C20024 | S8FS-C20024J | S8FS-C20024D
?g;;‘;tsxfh\iﬁgswitch_) 36V 59A S8FS-C20036 | S8FS-C20036J | S8FS-C20036D
%*2) 48V 4.43 A S8FS-C20048 | S8FS-C20048J | S8FS-C20048D
5V 60 A S8FS-C35005 | S8FS-C35005J | S8FS-C35005D
12V 29 A S8FS-C35012 | S8FS-C35012J | S8FS-C35012D
350 W 24V 14.6 A Yes S8FS-C35024 | S8FS-C35024J | S8FS-C35024D
36V 9.7A S8FS-C35036 | S8FS-C35036J | S8FS-C35036D
48V 7.32A S8FS-C35048 | S8FS-C35048J | S8FS-C35048D

Note: You can use brackets that are sold separately to mount the Power Supplies to DIN Rail. Refer to Mounting Brackets (Order Separately) on

page 29.

*1. The range for compliance with EC Directives and safety standards (UL, EN, etc.) is 100 to 240 VAC.
2. The range for compliance with EC Directives and safety standards (UL, EN, etc.) is 100 to 120 VAC, 200 to 240 VAC.

OMRON




Ratings, Characteristics, and Functions

S8FS-C

Power rating 15w
Item Output voltage (VDC) 5V 12V 15V 24V
. 115 VAC input | 80% typ. 84% typ. 84% typ. 85% typ.
Efficiency * -
230 VAC input | 82% typ. 85% typ. 86% typ. 87% typ.
Voltage range % Single phase 85 to 264 VAC, 120 to 370 VDC (The L terminal for the DC input is the positive side and safety
g 9 standards do not apply.) (Derating is required according to the input voltage. Refer to Derating Curves on page 18.)
Frequency % 50 /60 Hz (47 to 450 Hz)
115 VAC input | 0.3 A typ.
Current % . £ vp
230 VAC input | 0.19 A typ.
L7z Power factor ---
115 VAC input | 0.05 mA 0.05 mA 0.05 mA 0.05 mA
Leakage current =
230 VAC input | 0.10 mA 0.10 mA 0.10 mA 0.10 mA
Inrush current % | 115 VAC input | 16 A typ.
(foracold startat25°) | 230 VAC input | 32 A typ.
Rated Output Current 3A [1.3A 1A 07A
Voltage adjustment range % -10% to 10% (with V. ADJ)
. . 100 to 240
AEHE AT VAC 30 mVp-p max. 30 mVp-p max. 40 mVp-p max. 30 mVp-p max.
voltage * N
input
Input variation influence % 0.5% max.
Load variation influence 1.0% max.
Output
Temperature vari- Joic et
ation influence YAC 0.07)/°C maxy
input
) 115 VAC input | 490 ms typ. 500 ms typ. 470 ms typ. 480 ms typ.
Startup time % .
230 VAC input | 470 ms typ. 480 ms typ. 450 ms typ. 460 ms typ.
i 115 VAC input | 14 ms typ. 16 ms typ. 18 ms typ. 15 ms typ.
Hold time =
230 VAC input | 83 ms typ. 87 ms typ. 92 ms typ. 79 ms typ.
Overload protection Yes, automatic reset
Overvoltage protection % Yes, 115% or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input again)
Addi Overheat protection No
tional Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
f_unc- Parallel operation No (However, backup operation is possible, external diodes are required.)
tions Remote sensing No
Remote control No
Output indicator Yes (LED: Green)
3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA
Insula- | Withstand voltage 2 kVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA
tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
Ambient operating temperature —-20to 60°Q (Der_at_mg is required according to the temperature. Refer to Derating Curves on page 17.) (with no
condensation or icing)
. Storage temperature —40 to 85°C (with no condensation or icing)
f:r:’* ent | Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)
. A . 10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
S R A 10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y, and Z directions
Shock resistance 150 m/s?, 3 times each in £X, +Y, +Z directions
Reliabil- | MTBF 135,000 hrs min.
ity Life expectancy * 10 years min.
Dimensions (WxHxD) Refer to Dimensions on page 23.
Con- Weight 150 g max.
struc- Z
tion Cooling fan No
Degree of protection
Harmonic current emissions Conforms to EN 61000-3-2, GB17625.1
Conducted
. e Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
Radiated
T Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
EMS Conforms to EN 61204-3 high severity levels
s Approved Standards
dtaz' UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
arcs CSA: cURus C22.2 No62368-1
CCC: GB4943
S TR B Conformed Standards
EN: EN 62368-1 OVC Il Pol2
EAC (TR CU 004 /2011, TR CU 020/2011)
RCM (EN61000-6-4)
Marine Standards No
SEMI No

*k Refer to Conditions on page 12.

OMmRON




S8FS-C

Power rating 25w
ltem Output voltage (VDC) 5V 12V 15V 24V
. 115 VAC input | 80% typ. 84% typ. 85% typ. 86% typ.
Efficiency % -
230 VAC input | 82% typ. 86% typ. 88% typ. 88% typ.
Voltage range % Single phase 85 to 264 VAC, 120 to 370 VDC (The L terminal for the DC input is the positive side and safety
g g standards do not apply.) (Derating is required according to the input voltage. Refer to Derating Curves on page 18.)
Frequency % 50 /60 Hz (47 to 450 Hz)
115 VAC input | 0.49 A typ.
Current % - : P
230 VAC input | 0.3 A typ.
R Power factor ---
115 VAC input | 0.10 mA 0.10 mA 0.10 mA 0.10 mA
Leakage current =
230 VAC input | 0.20 mA 0.20 mA 0.20 mA 0.20 mA
Inrush current % | 115 VAC input | 16 A typ.
(foracold startat25°) | 230 VAC input | 32 A typ.
Rated Output Current 5A ‘ 21A 1.7A 1.1A
Voltage adjustment range * —10% to 10% (with V. ADJ)
Ripple & Noise 100t0 240 VAC ~ & . .
voltage * input 20 mVp-p max. 20 mVp-p max. 30 mVp-p max. 40 mVp-p max.
Input variation influence % 0.5% max.
Load variation influence * 1.0% max.
Output T t i- | 100 to 240 VAC
emperature vari- o
ation influence input e
) 115 VAC input | 390 ms typ. 340 ms typ. 400 ms typ. 360 ms typ.
Startup time * =
230 VAC input | 360 ms typ. 350 ms typ. 400 ms typ. 360 ms typ.
. 115 VAC input | 17 ms typ. 22 ms typ. 23 ms typ. 21 ms typ.
Hold time % =
230 VAC input | 103 ms typ. 113 ms typ. 117 ms typ. 112 ms typ.
Overload protection Yes, automatic reset
Overvoltage protection % Yes, 115% or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input again)
Addi Overheat protection No
tional Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
:_unc- Parallel operation No (However, backup operation is possible, external diodes are required.)
fons Remote sensing No
Remote control No
Output indicator Yes (LED: Green)
3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA
Insula- | Withstand voltage 2 kVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA
tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
Ambient operating temperature -20 to 60°Q (Der'at'lng is required according to the temperature. Refer to Derating Curves on page 17.) (with no
condensation or icing)
. Storage temperature —40 to 85°C (with no condensation or icing)
Fc:lr:,r;ent Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)
. . . 10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
Vibrationiresistance 10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y, and Z directions
Shock resistance 150 m/s?, 3 times each in £X, Y, +Z directions
Reliabil- | MTBF 135,000 hrs min.
ity Life expectancy # 10 years min.
Dimensions (WxHxD) Refer to Dimensions on pages 20 and 23.
Con- Weight 250 g max.
struc- Z
tion Cooling fan No
Degree of protection -
Harmonic current emissions Conforms to EN 61000-3-2, GB17625.1
Conducted
. o Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
an'at.ed Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
missions
EMS Conforms to EN 61204-3 high severity levels
st Approved Standards
d a:- UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
ards CSA: cURus C22.2 No62368-1
CCC: GB4943
LI SRR Conformed Standards
EN: EN 62368-1 OVC Il Pol2
EAC (TR CU 004 /2011, TR CU 020/ 2011)
RCM (EN61000-6-4)
Marine Standards No
SEMI No

% Refer to Conditions on page 12.
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S8FS-C

Power rating 35W
ltem Output voltage (VDC) 5V 12V 15V 24V
. 115 VAC input | 81% typ. 83% typ. 84% typ. 87% typ.
Efficiency % 2
230 VAC input | 81% typ. 84% typ. 84% typ. 87% typ.
Voltage range Single phase 85 to 264 VAC, 120 to 370 VDC (The L terminal for the DC input is the positive side and safety
g 9 standards do not apply.) (Derating is required according to the input voltage. Refer to Derating Curves on page 18.)
Frequency % 50 /60 Hz (47 to 450 Hz)
115 VAC input | 0.66 A typ.
Current * -
230 VAC input | 0.41 A typ.
g Power factor
115 VAC input | 0.15 mA 0.15 mA 0.15 mA 0.15 mA
Leakage current .
230 VAC input | 0.30 mA 0.25 mA 0.25 mA 0.25 mA
Inrush currentx | 115 VAC input | 16 A typ.
(foracoldstartat25?) | 230 VAC input | 32 A typ.
Rated Output Current 7A ‘ 3A 24 A 1.5A
Voltage adjustment range % —10% to 10% (with V. ADJ)
Ripple & Noise 100t0 240 VAC ] / 3 y
voltage * input 80 mVp-p max. 90 mVp-p max. 90 mVp-p max. 80 mVp-p max.
Input variation influence % 0.5% max.
Load variation influence % 1.0% max.
Output T t i- | 100t0 240 VAC
emperature vari- o o
ation influence input 070X oneS-may
) 115 VAC input | 750 ms typ. 750 ms typ. 760 ms typ. 770 ms typ.
Startup time % .
230 VAC input | 700 ms typ. 690 ms typ. 710 ms typ. 720 ms typ.
115 VAC input | 13 ms typ. 14 ms typ. 14 ms typ. 15 ms typ.
Hold time %
230 VAC input | 74 ms typ. 75 ms typ. 75 ms typ. 79 ms typ.
Overload protection Yes, automatic reset
Overvoltage protection % Yes, 115% or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input again)
Addi Overheat protection No
tional Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
:_unc- Parallel operation No (However, backup operation is possible, external diodes are required.)
ions
Remote sensing No
Remote control No
Output indicator Yes (LED: Green)
3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA
Insula- | Withstand voltage 2 kVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA
tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
. . —20 to 60°C (Derating is required according to the temperature. Refer to Derating Curves on page 17.) (with no
Ambient operating temperature condensation or icing)
Storage temperature —40 to 85°C (with no condensation or icing)
Ec:‘r:’rl\;ent Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)
Vibration resistance 10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y, and Z directions
Shock resistance 150 m/s?, 3 times each in X, 1Y, +Z directions
Reliabil- | MTBF 135,000 hrs min.
ity Life expectancy # 10 years min.
Dimensions (WxHxD) Refer to Dimensions on pages 20 and 23.
Con- Weight 250 g max.
struc- z
tion Cooling fan No
Degree of protection ---
Harmonic current emissions Conforms to EN 61000-3-2, GB17625.1
Conducted
. Emissions Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
Radiated
Emissions Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
EMS Conforms to EN 61204-3 high severity levels
Stan- Approved Standards
¥ az UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
ards CSA: cURus C22.2 No62368-1
CCC: GB4943
Fella SR Conformed Standards
EN: EN 62368-1 OVC Il Pol2
EAC (TR CU 004 /2011, TR CU 020/ 2011)
RCM (EN61000-6-4)
Marine Standards No
SEMI No

*k Refer to Conditions on page 12.
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S8FS-C

Power rating 50 w
ltem Output voltage (VDC) 5V 12V 15V 24V 48V
. 115 VAC input | 79% typ. 83% typ. 84% typ. 86% typ. 87% typ.
Efficiency % .
230 VAC input | 80% typ. 84% typ. 85% typ. 86% typ. 87% typ.
Voltage range % Single phase 85 to 264 VAC, 120 to 370 VDC (The L terminal for the DC input is the positive side and safety
g 9 standards do not apply.) (Derating is required according to the input voltage. Refer to Derating Curves on page 18.)
Frequency % 50 /60 Hz (47 to 450 Hz)
115 VAC input | 0.97 A typ.
Current % .
230 VAC input | 0.59 A typ.
e Power factor -
115 VAC input | 0.25 mA 0.25 mA 0.25 mA 0.25 mA 0.25 mA
Leakage current =
230 VAC input | 0.60 mA 0.55 mA 0.55 mA 0.55 mA 0.55 mA
Inrush current x | 115 VAC input | 16 A typ.
(for a cold start at 25°) 230 VAC input | 32 A typ.
Rated Output Current 10A | 42 A 3.4A 22A 11A
Voltage adjustment range % —10% to 10% (with V. ADJ)
Ripple & Noise 100 to 240 VAC % \ 3 . .
voltage % input 80 mVp-p max. 110 mVp-p max. 100 mVp-p max. 100 mVp-p max. 120 mVp-p max.
Input variation influence % 0.5% max.
Load variation influence 1.0% max.
Output T i- [1 240 VAC
e:mpgrature vari- | 1 00 to 240 0.08%/°C max.
ation influence input
) 115 VAC input | 730 ms typ. 730 ms typ. 710 ms typ. 710 ms typ. 770 ms typ.
Startup time % =
230 VAC input | 680 ms typ. 670 ms typ. 610 ms typ. 640 ms typ. 690 ms typ.
. 115 VAC input 12 ms typ. 14 ms typ. 14 ms typ. 14 ms typ. 14 ms typ.
Hold time % =
230 VAC input | 71 ms typ. 77 ms typ. 78 ms typ. 77 ms typ. 80 ms typ.
Overload protection Yes, automatic reset
Overvoltage protection Yes, 115% or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input again)
Addi Overheat protection No
tional Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
f!.mc- Parallel operation No (However, backup operation is possible, external diodes are required.)
tions Remote sensing No
Remote control No
Output indicator Yes (LED: Green)
3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA
Insula- | Withstand voltage 2 kVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA
tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
Ambient operating temperature -20 to 60°_C (Der_atlng is required according to the temperature. Refer to Derating Curves on page 17.) (with no
condensation or icing)
. Storage temperature —40 to 85°C (with no condensation or icing)
Fc:‘r:’rlr-\ent Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)
. . . 10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
fibiatopliesisiapcey 10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y. and Z directions
Shock resistance 150 m/s?, 3 times each in £X, Y, +Z directions
Reliabil- | MTBF 135,000 hrs min.
ity Life expectancy ¥ 10 years min.
Dimensions (WxHxD) Refer to Dimensions on pages 20 and 24.
Con- Weight 300 g max.
struc- 2
tion Cooling fan No
Degree of protection ---
Harmonic current emissions Conforms to EN 61000-3-2, GB17625.1
Conducted
. e Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
Radi e Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
Emissions
EMS Conforms to EN 61204-3 high severity levels
s Approved Standards
d‘az' UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
arcs CSA: cURus C22.2 N062368-1
CCC: GB4943
iz SRR Conformed Standards
EN: EN 62368-1 OVC Il Pol2
EAC (TR CU 004 /2011, TR CU 020/ 2011)
RCM (EN61000-6-4)
Marine Standards No
SEMI No

*k Refer to Conditions on page 12.
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S8FS-C

Power rating 75 W
Item Output voltage (VDC) 5V 12V 15V 24V 48V
. 115 VAC input | 75% typ. 83% typ. 84% typ. 87% typ. 87% typ.
Efficiency .
230 VAC input | 77% typ. 83% typ. 84% typ. 87% typ. 87% typ.
Voltage range % Single phase 85 to 264 VAC, 120 to 370 VDC (The L terminal for the DC input is the positive side and safety
g 9 standards do not apply.) (Derating is required according to the input voltage. Refer to Derating Curves on page 18.)
Frequency % 50 /60 Hz (47 to 450 Hz)
115 VAC input | 1.4 A typ.
Current % = & yp
230 VAC input | 0.83 A typ.
g Power factor ---
115 VAC input | 0.25 mA 0.25 mA 0.25 mA 0.25 mA 0.25 mA
Leakage current =
230 VAC input | 0.60 mA 0.60 mA 0.60 mA 0.60 mA 0.60 mA
Inrush current % | 115 VAC input | 16 A typ.
(foracold startat25) | 230 VAC input | 32 A typ.
Rated Output Current 14 A [62A 5A 32A 1.6 A
Voltage adjustment range —10% to 10% (with V. ADJ)
Ripple & Noise 100to 240 VAC g ¥ . ) )
voltage * input 80 mVp-p max. 110 mVp-p max. 90 mVp-p max. 110 mVp-p max. 140 mVp-p max.
Input variation influence % 0.5% max.
Load variation influence * 1.0% max.
Output T t i- | 100t0 240 VAC
emperature vari- o fo
ation influence input 0.03%/°C maxg
) 115 VAC input | 750 ms typ. 720 ms typ. 730 ms typ. 750 ms typ. 700 ms typ.
Startup time % .
230 VAC input | 710 ms typ. 680 ms typ. 690 ms typ. 690 ms typ. 730 ms typ.
i 115 VAC input | 12 ms typ. 13 ms typ. 13 ms typ. 14 ms typ. 15 ms typ.
Hold time % -
230 VAC input | 75 ms typ. 74 ms typ. 74 ms typ. 76 ms typ. 78 ms typ.
Overload protection Yes, automatic reset
Overvoltage protection % Yes, 115% or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input again)
Addi Overheat protection No
tional Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
:_unc- Parallel operation No (However, backup operation is possible, external diodes are required.)
fons Remote sensing No
Remote control No
Output indicator Yes (LED: Green)
3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA
Insula- | Withstand voltage 2 kVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA
tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
. . —20 to 60°C (Derating is required according to the temperature. Refer to Derating Curves on page 17.) (with no
Ambient operating temperature condensation or icing)
. Storage temperature —40 to 85°C (with no condensation or icing)
Ec:lr:lr:ent Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)
A . q 10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
plbratonliesisiance 10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y, and Z directions
Shock resistance 150 m/s?, 3 times each in £X, Y, +Z directions
Reliabil- | MTBF 135,000 hrs min.
ity Life expectancy * 10 years min.
Dimensions (WxHxD) Refer to Dimensions on pages 21 and 24.
Con- Weight 350 g max.
struc- =
tion Cooling fan No
Degree of protection -
Harmonic current emissions Conforms to EN 61000-3-2, GB17625.1
Conducted
- Emissions Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
Radiated
Enlelhns Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
EMS Conforms to EN 61204-3 high severity levels
st Approved Standards
r ag' UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
aras CSA: cURus C22.2 N062368-1
CCC: GB4943
Sy SN Conformed Standards
EN: EN 62368-1 OVC Il Pol2
EAC (TR CU 004 /2011, TR CU 020/2011)
RCM (EN61000-6-4)
Marine Standards No
SEMI No

*k Refer to Conditions on page 12.
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S8FS-C

Power rating 100 W
Item Output voltage (VDC) 5V 12V 15V 24V 36V 48V
Efficlency 115 VAC input 80% typ. 82% typ. 83% typ. 85% typ. 86% typ. 87% typ.
230 VAC input 81% typ. 83% typ. 84% typ. 87% typ. 87% typ. 88% typ.

Voltage range %

Single phase 85 to 132 VAC, 176 to 264 VAC, 248 to 373 VDC Select with the switch.
(The L terminal for the DC input is the positive side and safety standards do not apply.)
(Derating is required according to the input voltage. Refer to Derating Curves on page 18.)

Frequency % 50 /60 Hz (47 to 450 Hz)
o 115 VAC input 2 A typ.
Input 230 VAC input 1.1 Atyp.
Power factor ---
115 VAC input 0.35 mA 0.35 mA 0.35 mA 0.35 mA 0.40 mA 0.40 mA
Leakage current =
230 VAC input 0.60 mA 0.55 mA 0.60 mA 0.50 mA 0.60 mA 0.60 mA
Inrush current % | 115 VAC input 32 A typ.
(for acold startat25°) | 230 VAC input 32 A typ.
Rated Output Current 20 A [85A [7A 45A 2.8A 2.3A
Voltage adjustment range * —10% to 10% (with V. ADJ)
Vorage - |20 VAGmput | 7O mVepmax | TR 70myppmax | TP o0 myppmax. | TP
Input variation influence % 0.5% max.
Load variation influence * 1.0% max.
Output Temperature vari- | 100 to 120 VAC/200 to
ation influence 240 VAC input QP3%/°C s,
Startup time % 115 VAC input 710 ms typ. 440 ms typ. 440 ms typ. 430 ms typ. 450 ms typ. 430 ms typ.
230 VAC input 720 ms typ. 700 ms typ. 720 ms typ. 660 ms typ. 690 ms typ. 660 ms typ.
Hold time 115 VAC input 23 ms typ. 37 ms typ. 36 ms typ. 34 ms typ. 36 ms typ. 34 ms typ.
230 VAC input 29 ms typ. 40 ms typ. 39 ms typ. 39 ms typ. 41 ms typ. 38 ms typ.
Overload protection Yes, automatic reset
Overvoltage protection Yes, 115% or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input again)
Addi- Overheat protection No
tional Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
fync- Parallel operation No (However, backup operation is possible, external diodes are required.)
tions Remote sensing No
Remote control No

Output indicator

Yes (LED: Green)

Insula- | Withstand voltage

3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA

2 kVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA

tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
Ambient operating temperature (—V%I? htc:] g?:‘;cn égs;ziiigg i(:)srrii?ntg;ed according to the temperature. Refer to Derating Curves on page 17.)
. Storage temperature —40 to 85°C (with no condensation or icing)
Fc:‘r:’rlr-\ent Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)

Vibration resistance

10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y, and Z directions

Shock resistance

150 m/s?, 3 times each in £X, 1Y, +Z directions

Reliabil- | MTBF

135,000 hrs min.

ity Life expectancy % 10 years min.
Dimensions (WxHxD) Refer to Dimensions on pages 21 and 24.
Con- Weight 400 g max.
struc- 2
tion Cooling fan No
Degree of protection ---
Harmonic current emissions Conforms to EN 61000-3-2, GB17625.1
it Conducted Emissions | Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
Radiated Emissions Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
EMS Conforms to EN 61204-3 high severity levels
Approved Standards
st UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
d;z's CSA: cURus C22.2 No62368-1
Safety Standards CCC: GB4943

Conformed Standards

EN: EN 62368-1 OVC Il Pol2

EAC (TR CU 004 /2011, TR CU 020/ 2011)
RCM (EN61000-6-4)

Marine Standards

No

SEMI

No

% Refer to Conditions on page 12.
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S8FS-C

Power rating 150 W
Item Output voltage (VDC) 5V 12V 15V 24V 36V 48V
. 115 VAC input 81% typ. 84% typ. 85% typ. 86% typ. 86% typ. 87% typ.
Efficiency .
230 VAC input 82% typ. 85% typ. 86% typ. 87% typ. 87% typ. 88% typ.
Single phase 90 to 132 VAC, Single phase 180 to 264 VAC , 254 to 373 VDC Select with the switch.
Voltage range * (The L terminal for the DC input is the positive side and safety standards do not apply.)
(Derating is required according to the input voltage. Refer to Derating Curves on page 18.)
Frequency % 50 /60 Hz (47 to 450 Hz)
115 VAC input 2.8 Atyp.
Current * = P i
Input 230 VAC input 1.6 A typ.
Power factor
115 VAC input 0.50 mA 0.50 mA 0.50 mA 0.50 mA 0.40 mA 0.50 mA
Leakage current :
230 VAC input 0.75 mA 0.75 mA 0.75 mA 0.70 mA 0.60 mA 0.70 mA
Inrush current % | 115 VAC input 32 Atyp.
(for a cold start at 25°) 230 VAC input 32 A typ.
Rated Output Current 26 A [125A [10A 6.5 A 43A 33A
Voltage adjustment range * —10% to 10% (with V. ADJ)
Ripple & Noise 100 to 120 VAC/200 to . | 110 mVp-p 100 mVp-p 200 mVp-p 120 mVp-p
voltage * 240 VAC input 50 VPR NOVP-P ey max. max. max. max.
Input variation influence % 0.5% max.
Load variation influence % 1.0% max.
Output T ture vari- | 100 to 120 VAC/200 to
emperature vari- S
ation influence 240 VAC input UOS7RpC Togs
) 115 VAC input 770 ms typ. 730 ms typ. 740 ms typ. 770 ms typ. 730 ms typ. 760 ms typ.
Startup time % .
230 VAC input 750 ms typ. 720 ms typ. 730 ms typ. 760 ms typ. 720 ms typ. 750 ms typ.
Hold time % 115 VAC input 29 ms typ. 24 ms typ. 27 ms typ. 23 ms typ. 23 ms typ. 21 ms typ.
old time
230 VAC input 35 ms typ. 30 ms typ. 31 ms typ. 28 ms typ. 29 ms typ. 27 ms typ.
Overload protection Yes, automatic reset
Overvoltage protection % Zg:i,n1)15% or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input
Addi- Overheat protection No
:ional Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
unc-
tions Parallel operation No (However, backup operation is possible, external diodes are required.)
Remote sensing No
Remote control No
Output indicator Yes (LED: Green)
3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA
Insula- | Withstand voltage 2 kVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA
tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
Ambient operating temperature —29 to 60°C (Deratl_ng is r_eguired according to the temperature. Refer to Derating Curves on page 17.)
(with no condensation or icing)
. Storage temperature —40 to 85°C (with no condensation or icing)
E:r:,r:ent Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)
Vibration resistance 10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y, and Z directions
Shock resistance 150 m/s?, 3 times each in £X, Y, +Z directions
Reliabil- | MTBF 135,000 hrs min.
ity Life expectancy * 10 years min.
Dimensions (WxHxD) Refer to Dimensions on pages 21 and 24.
Con- Weight 500 g max.
struc- Z
tion Cooling fan No
Degree of protection
Harmonic current emissions Conforms to EN 61000-3-2, GB17625.1
EMI Conducted Emissions | Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
Radiated Emissions Conforms to EN 61204-3 Class B, EN 55011 Class B, GB9254
EMS Conforms to EN 61204-3 high severity levels
Approved Standards
s UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
d;‘:z's CSA: cURus C22.2 No62368-1
CCC: GB4943
Sy SN Conformed Standards
EN: EN 62368-1 OVC Il Pol2
EAC (TR CU 004 /2011, TR CU 020 /2011)
RCM (EN61000-6-4)
Marine Standards No
SEMI No

*k Refer to Conditions on page 12.
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Power rating 200 W
Item Output voltage (VDC) 5V 12V 24V 36V 48V
- 115 VAC input 81% typ. 85% typ. 88% typ. 89% typ. 88% typ.
Efficiency % .
230 VAC input 81% typ. 87% typ. 88% typ. 90% typ. 90% typ.
Single phase 90 to 132 VAC , Single phase 180 to 264 VAC , 254 to 373 VDC Select with the switch.
Voltage range % (The L terminal for the DC input is the positive side and safety standards do not apply.)
(Derating is required according to the input voltage. Refer to Derating Curves on page 18.)
Frequency % 50 /60 Hz (47 to 450 Hz)
115 VAC input 4 A typ.
Current * = P P
Input 230 VAC input 2.3 A typ.
Power factor -
115 VAC input 0.35 mA 0.25 mA 0.40 mA 0.20 mA 0.40 mA
Leakage current :
230 VAC input 0.60 mA 0.50 mA 0.75 mA 0.45 mA 0.80 mA
Inrush current % | 115 VAC input 16 Atyp.
(for a cold start at 25°) 230 VAC input 32 A typ.
Rated Output Current 40 A ‘ 17A 8.8A 59A 443 A
Voltage adjustment range * —10% to 10% (with V. ADJ)
Ripple & Noise 100 to 120 VAC/200 . \ . ~ .
voltage % to 240 VAC input 60 mVp-p max. 60 mVp-p max. 110 mVp-p max. 130 mVp-p max. 120 mVp-p max.
Input variation influence % 0.5% max.
Load variation influence % 1.0% max.
Output T ture vari- | 100 to 120 VAC/200
emperature vari- 5
ation influence to 240 VAC input C.OF%"C Thaxy
) 115 VAC input 620 ms typ. 630 ms typ. 580 ms typ. 630 ms typ. 620 ms typ.
Startup time % .
230 VAC input 600 ms typ. 610 ms typ. 550 ms typ. 600 ms typ. 600 ms typ.
i 115 VAC input 32 ms typ. 30 ms typ. 38 ms typ. 30 ms typ. 31 ms typ.
Hold time =
230 VAC input 37 ms typ. 35 ms typ. 45 ms typ. 37 ms typ. 37 ms typ.
Overload protection Yes, automatic reset
Overvoltage protection % Yes, 115% or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input again)
Addi- Overheat protection No
tional Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
f}mc- Parallel operation No (However, backup operation is possible, external diodes are required.)
tions Remote sensing No
Remote control No
Output indicator Yes (LED: Green)
3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA
Insula- | Withstand voltage 2 KVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA
tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
Ambient operating temperature —20 to 50°C (peratlrjg is required according to the temperature. Refer to Derating Curves on page 17.) (with
no condensation or icing)
. Storage temperature —40 to 85°C (with no condensation or icing)
Ec:‘r:’r;ent Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)
. . . 10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
S B A 10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y, and Z directions
Shock resistance 150 m/s?, 3 times each in X, £Y, +Z directions
Reliabil- | MTBF 135,000 hrs min.
ity Life expectancy % 10 years min.
Dimensions (WxHxD) Refer to Dimensions on pages 22 and 25.
Con- Weight 700 g max.
struc- 2
tion Cooling fan No
Degree of protection ---
Harmonic current emissions ---
;‘;’r“i"cted Emis= | Gonforms to EN 61204-3 Class A, EN 55011 Class A
EMI " i
:‘ii‘:":ted Emis- | Gonforms to EN 61204-3 Class A, EN 55011 Class A
EMS Conforms to EN 61204-3 high severity levels
Stan- Approved Standards
dards UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
CSA: cURus C22.2 No62368-1
Safety Standards Conformed Standards
EN: EN 62368-1 OVC Il Pol2
EAC (TR CU 004 /2011, TR CU 020/ 2011)
RCM (EN61000-6-4)
Marine Standards No
SEMI No

sk Refer to Conditions on page 12.
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Power rating 350 W
Item Output voltage (VDC) 5V 12V 24V 36V 48V
. 115 VAC input 77% typ. 83% typ. 86% typ. 87% typ. 87% typ.
Efficiency .
230 VAC input 78% typ. 85% typ. 88% typ. 88% typ. 88% typ.
Single phase 90 to 132 VAC , Single phase 180 to 264 VAC , 254 to 373 VDC Select with the switch.
Voltage range * (The L terminal for the DC input is the positive side and safety standards do not apply.)
(Derating is required according to the input voltage. Refer to Derating Curves on page 18.)
Frequency % 50 /60 Hz (47 to 450 Hz)
115 VAC input 6.4 A typ.
Current * = P P
Input 230 VAC input 3.5 A typ.
Power factor -
115 VAC input 0.40 mA 0.40 mA 0.40 mA 0.40 mA 0.40 mA
Leakage current :
230 VAC input 0.75 mA 0.80 mA 0.75 mA 0.80 mA 0.80 mA
Inrush current % | 115 VAC input 16 A typ.
(for a cold start at 25°) 230 VAC input 32 A typ.
Rated Output Current 60 A ‘ 29A 146 A 9.7A 7.32A
Voltage adjustment range * —10% to 10% (with V. ADJ)
Ripple & Noise 100 to 120 VAC/200 to ] / . . .
voltage % 240 VAC input 110 mVp-p max. 130 mVp-p max. 120 mVp-p max. 180 mVp-p max. 180 mVp-p max.
Input variation influence 0.5% max.
Outout Load variation influence % 2.0% max. 1.0% max.
utpu
Temperature vari- | 100 to 120 VAC/200 to S
ation influence 240 VAC input UUSpC e
) 115 VAC input 610 ms typ. 620 ms typ. 580 ms typ. 610 ms typ. 610 ms typ.
Startup time % .
230 VAC input 570 ms typ. 590 ms typ. 560 ms typ. 590 ms typ. 590 ms typ.
i 115 VAC input 25 ms typ. 18 ms typ. 17 ms typ. 19 ms typ. 19 ms typ.
Hold time =
230 VAC input 31 ms typ. 25 ms typ. 23 ms typ. 25 ms typ. 24 ms typ.
Overload protection Yes, automatic reset
3 3 - -
Overvoltage protection % ;(g:i,n1)15 % or higher of rated output voltage, power shut off (shut off the input voltage and turn on the input
. . Yes, power shut off (shut off the input voltage and turn on the input again) (Overheat protection when the
figrt::l DR ) el cooling fan is in an abnormal condition)
func- Series operation Yes (For up to 2 Power Supplies, external diodes are required.)
tions Parallel operation No (However, backup operation is possible, external diodes are required.)
Remote sensing No
Remote control No
Output indicator Yes (LED: Green)
3 kVAC for 1 min. (between all input terminals and output terminals) current cutoff 20 mA
Insula- | Withstand voltage 2 kVAC for 1 min. (between all input terminals and PE terminals) current cutoff 20 mA
tion 1 kVAC for 1 min. (between all output terminals and PE terminals) current cutoff 20 mA
Insulation resistance 100 MQ min. (between all output terminals and all input terminals/PE terminals) at 500 VDC
. . —20 to 60°C (Derating is required according to the temperature. Refer to Derating Curves on page 17.)
G T G E U E IO (with no condensation or icing)
. Storage temperature —40 to 85°C (with no condensation or icing)
Ec:lr:lr:ent Ambient operating humidity 20% to 90% (Storage humidity: 10% to 95%)
. i . 10 to 55 Hz, 0.375-mm half amplitude for 2 h each in X, Y, and Z directions
plbratonliesisiance 10 to 500 Hz, 0.26-mm half amplitude for 1 h each in X, Y, and Z directions
Shock resistance 150 m/s?, 3 times each in £X, Y, +Z directions
Reliabil- | MTBF 135,000 hrs min.
ity Life expectancy * 10 years min.
Dimensions (WxHxD) Refer to Dimensions on pages 22 and 25.
°t°"' Weight 800 g max.
struc-
tion Cooling fan Yes (ON/OFF control according to internal temperature)
Degree of protection ---
Harmonic current emissions ---
EMI Conducted Emissions | Conforms to EN 61204-3 Class A, EN 55011 Class A
Radiated Emissions Conforms to EN 61204-3 Class A, EN 55011 Class A
EMS Conforms to EN 61204-3 high severity levels
Approved Standards
Stan- UL : cURus UL 62368-1 (Recognition) OVC Il Pol2
dards CSA: cURus C22.2 No62368-1
Safety Standards Conformed Standards
EN: EN 62368-1 OVC Il Pol2
EAC (TR CU 004 /2011, TR CU 020/2011)
RCM (EN61000-6-4)
Marine Standards No
SEMI No

*k Refer to Conditions on page 12.
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Conditions
Efficiency The value is given for the rated output voltage and rated output current.
Voltage range Although some inverters give 50/60 Hz as the output frequency, do not use an inverter output as the power
source for the Power Supply. Doing so may result in smoking or burning due to internal temperature
Frequency increases in the Power Supply. If you connect a UPS to the input, do not connect one with a square wave
Input output.
Current The value is given for the rated output voltage and rated output current.

Inrush current (for a cold start at 25°C) | The value is given for a cold start at 25°C. Refer to following for details.

If the output voltage adjuster (V. ADJ) is turned, the voltage will increase by 10% or more over the
voltage adjustment range.

When adjusting the output voltage, confirm the actual output voltage from the Power Supply and be sure
that load is not damaged.

Voltage adjustment range

The value is given for the rated output voltage and rated output current.

e The value is for an ambient operating temperature of 25°C.

This is the maximum variation in the output voltage when the input voltage is gradually changed within the

Output T e [ e allowable input voltage range at the rated output voltage and rated output current.

This is the value when the output current is changed from 0 A to the rated output current while the input

LEE vEn el [T DD voltage is within the allowable input voltage.

The value is given for the rated output voltage and rated output current.

DU The value is given for a cold start at 25°C. Refer to following for details.
. The value is given for the rated output voltage and rated output current.
Hold time ) \
Refer to following for details.
Additional . . : . ) N
functions Overvoltage protection Refer to Overvoltage Protection on page 19 for information on resetting the input power.

Refer to Recommended Replacement Periods and Periodic Replacement for Preventive Maintenance on

Reliability | Life expectancy page 39 for details

Inrush Current, Startup Time, and Output Hold Time

Input ON Input OFF
(0
AC input v
voltage
Wnrush current on input application
AC input AANANANNNANANNNNNN]

current U VVVVVVVVVVVVV

7

Note: Twice the normal input current will flow for a redundant system.
Sufficiently check the fusing characteristics of fuses and the
operating characteristics of breakers and select fuses and
breakers so that external fuses will not burn out or breakers will
not operate due to inrush current.

e 96.5%

Output
voltage |l«——— Startup time

Hold time <_>‘

Ripple Noise Voltage
The specified standard for the ripple voltage noise was measured with
the following measurement circuit.

< Load

Twisted to

C1:47 “F 12 turns.
C2:0.1 yF Oscilloscope
frequency
Coaxial cable band: 20 MHz
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Connections
Block Diagrams

S8FS-C01501000 (15 W)

Fuse:
3.15A
’—AC L +V
o= T e
LAc (N) LO -V
Inrush current Rectifier Smoothing Rectifier/
protection circuit smoothing circuit
[
H | Drive L
ﬂ control circuit % T
T ED)
Photocoupler
Overvoltage
detection
@0
S8FS-C0250000 (25 W)
S8FS-C03501011 (35 W) Fuse
S8FS-C05001011 (50 W) 25 Ve
S8FS-C0750000 (75 W) soW:4 A
AC (L) +V
IEput @ Noise @ 4%7 % ? r(I)DC 01;1
filter LO A’
g Inrush current Rectifier Smoothing Rectifier/ \
protection circuit smoothing circuit
[
H rive £
ﬂ : con::r)ol circuit % =
T
m Overvoltage
detection
Photocoupler
S O
S8FS-C1001201 (100 W)
S8FS-C1001501 (100 W)
S8FS-C10024[1 (100 W) Fuse: Rectifier/
5A smoothing circuit
S8FS-C100361 (100 W) [ACLO-ono FO .
S8FS-C10048C1 (100 W) inpu nase || ] *? 2 E *; 0 output
AC (NO——— LO -V
: O__. Inrush current Rectifier/
Input voltage selector switch rotection smoolhiig cirddn
R — - v'e
switching 0O -
L! ! Drive L
;:| control circuit T
GE; Overvoltage
detection
Photocoupler
®0
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S8FS-C10005L1 (100 W)
S8FS-C15001101 (150 W)

Fuse: Rectifier/
5A smoothing circuit
(Ac (L) O—ono—,

ks

Rectifier/
smoothing circuit

Input Noise | | —
[pu filter @
AC (NNO——

O Inrush current
Input voltage selector switch protection
100 to 120 VAC/

200 to 240 VAC Foro]

switching O L:
) Drive_ ) ot
£:| control circuit
- Overcurrent
detection

Voltage
detection
— G}

Photocoupler

S O0—
= Rectifier/
8A smoothing circuit
[ACLO-oxo — g ro ]
Noise
I[put % 1 fiter [ % % % DC output
AC (NO——— LO v
) O Inrush current Rectifier/
Input voltage selector switch protection smoothing circuit
100 to 120 VAC/
200 to 240 VAC = ey
switching O =
L! ! Drive 7
;:| control circuit T
& Overcurrent Voltage
detection detection
Photocoupler
® 0
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S8FS-C35024L[1 (350 W)

Fuse: Rectifier/
10A smoothing circuit
’—AC (L) Qo — —QO +v j
Input — Nf_oise — ‘ DC output
L ilter ? J
AC () O— —Oo-v
O Inrush current Rectifier/
Input voltage selector switch protection smoothing circuit
100 to 120 VAC/ >
200 to 240 VAC bool | Fan
switching O
H )
| Drive -
£:| control circuit
- Overcurrent Voltage
detection detection
Overvoltage
detection
Photocoupler
Overheating
detection
@ O-
S8FS-C35005[1 (350 W)
S8FS-C35012[1 (350 W)
S8FS-C35036[1 (350 W)
S8FS-C3504801 (350 W) S *'1”T " “}7; e
Fuse: Rectifier/ Rectifier/
"AC X 10A — smopthing eircuit smoothing circuit +Vj
Input Noise  |——] J DC output
¥ filter 4 M
AC (NNO——— v
0O Inrush current Rectifier/
Input voltage selector switch protection smooterﬁng circuit
100 to 120 VAC/
200 to 240 VAC [
switching o! W
L! | Drive 1
;:| control circuit _B
= Overcurrent Voltage
detection detection
Overvoltage
detection
Photocoupler
Overheating
detection
© 0o
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S8FS-C
Construction and Nomenclature

Nomenclature

25-W, 35-W, 50-W,

15-W Models - 2= W Models

100-W and 150-W Models 200-W and 350-W Models

omRon SBFS POWER SUPPLY
‘omron SBES_rowen supry ® ( cmmon SEFS rowensurry o ®
LNO®O® ™= s s N oL
= e et O O e e | e
—® = | —® ®— | |
[ ] i ]
(O ® O— ® ® ® ®
S8FS-C025010] S8FS-C050010] S8FS-C10000] S8FS-C20000J
S8FS-C035010] S8FS-C075010) S8FS-C15000] S8FS-C35000]
omron SBFS PoweR suPALY
OmRoN SBFS rowen suprLY (" omron SBES_rowen suprLy
(T | @ o Bn-en LR NCH SO
o e e
2 ® P 1 ]
| |
oHolla p Lo
S8FS-C0o150010 S8FS-C0250000  S8FS-C0500100] S8FS-C100000 S8FS-C2000]010]
S8FS-C0350000  S8FS-C0750100 S8FS-C1500]00] S8FS-C35001010
v = = 1
: CHECK INPUT VOLTAGE :
: SELECTOR SWITCH :
| BEFORE POWER ON H
1 INPUT :100-120VAC W] 1
L @A) 200-240vAC (W] |
1 1
. [m] |
o ® :
L N Y o Y
No. Name Function
1 Input terminals (L), (N) Connect the input lines to these terminals. 1
2 Protective Earth Terminal (PE) Connect the ground line to this terminal. 2
3 DC output terminals (-V), (+V) Connect the load lines to these terminals.
4 Output indicator (DC ON: Green) Lit while the DC output is ON.
5 Output voltage adjuster (V. ADJ) Use to adjust the output voltage.
6 Input voltage selector switch Used to switch the input voltage. #3, *x4

*1. The fuse is located on the (L) side. It is not user replaceable. For a DC power input, connect the positive voltage to the L terminal.
2. This is the protective earth terminal specified in the safety standards. Always ground this terminal.

*3. The 100-W, 150-W, 200-W, and 350-W models only.

4. Refer to Input Voltage Selector Switch in Safety Precautions on page 36.
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Engineering Data

S8FS-C

Derating Curves

Derating for Ambient Temperatures

Power rating
15w 25 W 35W 50 W 75 W 100 W 150 W 200 W 350 W
Output voltage
5V ) @) (4) (6) @) )
12V (6)
(1) (1 (1)
15V (1) (1)
24V 2) (1)
36V ®) (1)
48V (1) (1)
(1) ) (©))
T 110 @110 F 110
2 100 5 100 2 100
s %0 g \ g
= 9
E \ © 90 ‘\ § 0
- 80 \ S 80 \ 3 80
70 70 70
60 60 60
50 50 50
40 40 40
30 30 30
20 20 20
10 10 10
Q 0, Q
-30 20 -10 0 10 20 30 40 50 60 70 80 -30 -20-10 0 10 20 30 40 50 60 70 80 -30 -20-10 0 10 20 30 40 50 60 70 80
Ambient temperature (°C) Ambient temperature (°C) Ambient temperature (°C)
4) ®) (6)
@ 110 * 110 g1
o 100 © 100 o 100
T © &oos
3 90 \ g 90 3
S 80 — 80 S 80
70 \ 70 70
60 \ 60 60
50 50 50
40 40 40
30 30 30
20 20 20
10 10 10
0, 0,
—%0 -20-10 0 10 20 30 40 50 60 70 80 -30 20 -10 0 10 20 30 40 50 60 70 80 -30 -20-10 0 10 20 30 40 50 60 70 80
Ambient temperature (°C) Ambient temperature (°C) Ambient temperature (°C)
@
0\7110
5 100
g 90
g \
S 80 \
70 \
60
50
40
30
20
10
0
-30 -20-10 0 10 20 30 40 50 60 70 80
Ambient temperature (°C)
Note:

The internal parts may occasionally deteriorate or be damaged. Use the standard mounting method only. Do not use the Power Supply in

the area outside the derating curve.
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Derating for Input Voltages

Power rating
15w 25w 35W 50 W 75 W 100 W 150 W 200 W 350 W
Output voltage
A (11) (14) (11) (15)
12V ®) (8) (8) 8) 8)
1Y ©(10) | (1) (12)
24V
36V (13) (15) (11) (15)
48V (®) (8)
(8) ) (10)
9 110 9 110 110
g 100 o 100 2100
g 90 g 90 —~ ° 90
f: ¢ _— E:
4 80 4 80 = - 80
70 70 70
60 60 60
50 50 50
40 40 40
30 30 30
20 20 20
10 10 10
085 115 145 175 205 235 265 085 95 105 115 135 0‘175 185 195 205 215 225 235 245 255 265
Input voltage (Vac) Input voltage (Vac) Input voltage (Vac)
11) (12) (13)
z 110 9 110 9 110
5 100 © 100 © 100
g 90 g 90 g 90
ke o ©
§ 80 / E 80 / § 80
70 70 70
60 60 60
50 50 50
40 40 40
30 30 30
20 20 20
10 10 10
090 100 110 120 130 140 O180 190 200 210 220 230 240 250 260 270 090 100 110 120 140
Input voltage (Vac) Input voltage (Vac) Input voltage (Vac)
(14) (15)
F 110 L 110
2 100 2100
e 90 ° 90
o o
§ 80 / § 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10

O180 190 200 210 220 230 240 250 260 270
Input voltage (Vac)

0
180 190 200 210 220 230 240 250 260 270

Input voltage (Vac)

Note: The internal parts may occasionally deteriorate or be damaged. Use the standard mounting method only. Do not use the Power Supply in

the area outside the derating curve.
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Overload Protection

The load and the Power Supply are automatically protected from
short-circuit currents and overcurrent damage by this function.
Overload protection is activated if the output current rises above
105% of the rated current.

When the output current returns within the rated range, the overload
protection is automatically cleared.

s
(o)
{=))
S
©
>
=
Qo
=
o
Intermittent
operation_ _ — -+~
0 50 100

Output current (%)

The values shown in the above diagrams are for reference only.

Note: 1. If the Power Supply has been short-circuited or supplied
with an overcurrent longer than 10 seconds, the internal
parts of the Power Supply may occasionally deteriorate or
be damaged.

2. Internal parts may possibly deteriorate or be damaged if the
Power Supply is used for applications with frequent inrush
current or overloading at the load end. Do not use the Power
Supply for such applications.

Overvoltage Protection

Consider the possibility of an overvoltage and design the system so
that the load will not be subjected to an excessive voltage even if the
feedback circuit in the Power Supply fails. When an excessive voltage
that is 115% of the rated voltage or more is output, the output voltage
is shut OFF, preventing damage to the load due to overvoltage. Reset
the input power by turning it OFF for at least three minutes and then
turning it back ON again.

=S
Q
g
3 Overvoltage protection operatin
S 430% ge p perating
2 (approx.)
5
o
+10%
Rated output Variable range / \
voltage
-10%
oV

The values shown in the above diagrams are for reference only.
Note: Do not turn ON the power again until the cause of the
overvoltage has been removed.

Overheat Protection (S8FS-C350L1L1C1 Only)

If the internal temperature rises excessively as a result of fan failure
or any other reason, the overheat protection circuit will operate to
protect internal elements. Reset the input power by turning it OFF for
at least three minutes and then turning it back ON again.
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S8FS-C
Dimensions (Unit: mm)

Power Supplies
Models with Terminal Block Facing Upward

S8FS-C025010 (25 W)

205 55205 ——» i i .
8.16 (@ %g Panel mounting hole dimensions
T | 1egegsce00Ssse]] Using the mounting | Using the screw
95| o || cmRon 35 - N
i3] [Resesesesosese: holes in the Power holes in the
iz Q%Qgéﬁéﬁéﬁ::ﬁc) 2 i Supply Power Supply
Bottom: =14 1896 %0 %% % %3 e} I =1
Two, M3 (Depth: 5 mm max.) H 88888; i%% T o Two, M3 *#T Two, 3.5 dia.
Five, M3, 5/@’ Cigigﬁig 40 goz Bottom 40+0.5 Y
T 050800 ce i mountin t
L3 0202020020206 l 9 $ ‘ 505 ‘
3.5 dia. 88505 =0
5 88.5:05
99:1 5 Side Two, M3 Two, 3.5 dia.
mounting 4
e g7:05 — 74005
6.5 87:05 35
D D I
|\ B T
2%
3.5 dia. =+ = 17v.5 i l
18 74105
Side: Two, M3 (Depth: 3 mm max.)
S8FS-C035011 (35 W) o
- 55:0.5 ——
d ¢ ® mo=C e =P Panel mounting hole dimensions
95 —::@ 8%@%@%@%@%;%@ 35 Using the mounting | Using the screw
&l SO = i holes in the Power holes in the
A
ey | SRR i Supply Power Supply
aéttorn: Five, M3.5 OHOHO=O=OXOOT 97+1 -
Two, M3 (Depth: 5 mm max.) — 8i8§8§8i8§%§%§8 Two, M3 T Two, 3.5 dia.
1o 9 e @ 0gEcececes 55.5:05 Bottom 55,505
C#ﬁpﬁpﬁﬂﬁgﬁﬂﬁﬂﬁ .
OO mounting
25 B | OO0 1499 ¥ 5505
5 dia.— [ | SCECEORCaCH l bl
. Two, M3 Two, 3.5 dia.
% sggff 5 Side
\ B mounting e+
0 8705 | 35 le87:05 — L—74xo.s .
i
ST
(VR QNI T F Tass
3.5 dia ' 29
5 3l i G- 18.5 l
¥
18 7405
Side: Two, M3 (Depth: 3 mm max.)
S8FS-C050011 (50 W)
78 Bottom: TWEPM3 (DoRiwb g axd Panel mounting hole dimensions
8.16 y
SeSeseces (M Sozetete — Using t_he mounting Usin_g the screw
95 RN ([ B0 T 3.5 holes in the Power | holes in the Power
- (0=0-0-0°0.1|).0-0-0=® :
omron || ¥ Supply Supply
%% %
o) o200 S e
) Segesese s T 9741 1 Two, 3.5 dia.
Five, M3.5 a HEEEERD | [ 3308 Two. M3 ’
082%‘%@%8@ sesoscssed | INRLISY Bottom ' 85505
& EORORCRO mounting [* 33105
' (8] % gegegecacdlliicy l«—122.5:05
3.5dia. -5 96262021 10002 |
i ¥ . Three, M3 Three, 3.5 dia. 18:%°
45 122.5:05 505 Side \ ﬁ
1291 - i
_ mounting [ 120005 o)
6.5 3£0- 1305 9:0.5 7705
3.5dia. ] 12005 35
SUNS ® @it |
- =
TH H , gpar
285 ] |”| 4 @ o 18:05) ' | sts
I = 2 1 ;

~—32 7705 10

Side: Three, M3 (Depth: 6 mm max.)
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S8FS-C0750101 (75 W)
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S8FS-C

S8FS-C2000101 (200 W)

Panel mounting hole dimensions

325 150205
Using the screw holes
8.16 FERRERAIRAEEARARIRAARARRARRR in the Power Supply
020208 eS8 e e 202020 2e2etels e e
b SRR Four. 4.5 dia
95 1 ®e%6%6 %62 Y2020 Y e 2e s Ye 20 20 Ve Ya 2 , 4.5 dia.
’ Bottom ¥
OO OS WO W) DWW e W BB SW=® S W=
SRR | | ne e | ods
lo 2020200000 a0 00000t etese S0 1
leteeSeteteedetededoteseteedose e el (WS
leteeSetetededetededoseseteetnse el le— 150:05 —
ORORIRIRIRIRIROSIRORORORORORORORORR0
iRegededeledeleeteSetededese e e n e Four, 4.5 dia.
K9S S Cosam i
AR OO OO ORO O S Side !
RO HOROR OIS IS IEISISIIIIISI mounting | 25:05
GROROIROIROIROIROIROROHOROHOROROROHORORRA 30 j
Nine. M3.5 leneSeelete e e e 062020 20 2e e e Ss S o) | e 150:05 —
Bottom: Four, M4 (Depth: 5 mm max.)
2121
=325 150:0.5
’ ®
f
2505
50+1
g4 00 m D/ 1
)
Side: Four, M4 (Depth: 6 mm max.) (12 5)
S8FS-C350[11 (350 W)
=325 150105 Panel mounting hole dimensions
N Using the screw holes
8.16 fQ T in the Power Supply
§ ) 34.1 -
3 3 /’Pﬁ ﬂ Four, 4.5 dia.
9.5| 4 U =+ U =i Bottom
Q 11251 ~ mounting | 50+
t )Cﬁ 50:05 le——150:05 —»
{ Four, 4.5 dia.
Side !
f mounting | 25:05
80 * l«——150£0.5 —
Nine, M3.5 |
Bottom: Four, M4 (Depth: 5 mm max.)
21241
le= 325 150205 a f)
® o ®
25105
50+1
040 m H} ]
R B

Side: Four, M4 (Depth: 6 mm max.) ({2 5)
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S8FS-C

Models with Terminal Block Facing Forward

S8FS-C0150101J (15 W)

S
OmRON
002020200 S1er
3989036080030 :
:?388%;5;5;5;5 e
e ReSeSeReReRa ol huk
Bottom: Two, M3 (Depth: 4 mm max.) e *
le—— 55205 —=
125 8
14 max.
: 7821
(i o ] ‘ I
b
L N e & ; A 28*1
-]
= L3 1
611 Five, M3 -] 66.5:05 — |
7.62 8.75

Side: Two, M3 (Depth: 3 mm max.)

Panel mounting hole dimensions

Using the screw holes in
the Power Supply
Two, 3.5 dia.
Bottom
mounting
Lﬁ 55205 ——‘
Two, 3.5 dia.
Side
mounting
Li 66.5:0.5 4>J

S8FS-C0250101J (25 W)

(12) 20.5 5505 Panel mounting hole dimensions
% Using the mounting | Using the screw
la%s; holes in the Power holes in the
: : OMRON
Bottom: Two, M3 (Depth: 5 mm max.) O PORFRORCR 35 Supply Power Supply
0888#%%% of7s!
Ofa/::”:”:’“: = I Two, M3 + Two, 3.5 dia.
esststnasinaes T ['e21 Bottom 40:05
RIS | 4008 mounting
. e9e%e%0 405 + 55005
3.5 dia. jeas. 5555555 £ l l«— 88.5:05 =0
; Two, M3 Two, 3.5 dia.
88.5 105 Side
991 X mounting e
Liaho.s . L—74:05 ——J
6.5
8705
3.5 dia. y PR
POWER SUPPLY. fad 71 D -
0 0 8 Lo Tt s
i N
i I
(=13 T;t ) v A Ty l
8.2 l<1s N
05 Five, M3.5 18 [
Side: Two, M3 (Depth: 3 mm max.)
S8FS-C035001J (35 W)
(12) 20.5 2 s Panel mounting hole dimensions
® RIS Using the mounting | Using the screw
8525%:452525258 holes in the Power holes in the
%%%ﬁ%%%%@ a5 Supply Power Supply
= 0 2e 20’ Two, 3.5 dia.
OO OO } Two, M3 wo,
(0202050202009 97:1 Bottom ! 55.5:05
o000 s02000 80 mounting
Bottom: Two, M3 (Depth: 5 mm max.) HORREOHO o | |85.5:05 A 505
CHORCRA 455 l——g9:05
3.5 dia. ;: 8555H egegeges . o 384
y OO O=OO0<0A . wo, wo, 3.5 dia.
T - Side
45 89:05 mounting
99:1 5 e g7:05 — ! L7405
6.5
3.5 dia. 1 87:05 | 35
( omnon SEFS_powen sueey ‘¢ =) =) 4:4 T
LN®O6® = J B B j ¢ 3641
mey] [ X S
- T T il o o T i
i
8.2 18 +0.
95 Five, M3.5 18 7408

Side: Two, M3 (Depth: 3 mm max.)
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Side: Three, M3 (Depth: 6 mm max.)
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Side: Three, M3 (Depth: 6 mm max.)

The figure shows a 100-W Power Supply.
A 75-W Power Supply has 5 terminals.

Note:
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S8FS-C

S8FS-C200011J (200 W) Panel mounting hole dimensions

’« 325 150+05 Using the screw holes

O~O~0~O~O~O~O~O~O~O~ O~ OO~ O~ O~O~O-O~O inthepowerSUpply
CRORORARARARARAREEEEEEEEEEEEEEEEEREE0 Four 45
le%e 2020 %e 0 2aSe a2 0 2ee 0 2aSe 0 e 0] our, 4.5 dia.
o020 2e 202000 s 00t etetese o000 200!

9696202020 20 %8 %0, %6 20 26 20 20 28 %0 %6 X0 Bottom ¥

B ORORO RO OROROECECECROROEOECROR mounting | 599°
1268020 %s e 2a%e e 00ale 0 2aSe e a0 0 g t
e g g e oaeqeqoasces sscteecteesess 125 15005 ——~
ORISR0 || 50208 -
Cﬂ;)ﬁ;)ﬁ;)ﬁ;)ﬁ;)ﬁg)ﬁ #;#;ﬂgﬂgﬂgﬂ;ﬂgﬂhﬂ;ﬂ @) Four, 4.5 dia.
G e e e a e sl Side t
FRAEAEEARACACHOOOOROROOOROHOER || 30 —150:05 —!
e e ne e N oneSe e e Sone e Sep s SeSone o)

Bottom: Four, M4 (Depth: 5 mm max.)
(12)
‘ 2121
325 150+0.5
OmRON SBFS PowER sUPPLY o @ T
T O 8N L 25005 )
JeEEEEkEE LD o]l Um0 )0 }
—— pl ) (125)

[1] /
8.2
95 Nine, M3.5 Side: Four, M4 (Depth: 6 mm max.)

S8FS-C3500101J (350 W)

Panel mounting hole dimensions
3457 Using the screw holes
= in the Power Suppl
Z=Sal
34.1 Four, 4.5 dia.
= hr Bottom ¥
U% ] mounting | 50:°
_ 112,51

69 5005 =150:05 —~

Four, 4.5 dia.
Side 1

mounting | 25:05
510 f e 15005 —»l

Bottom: Four, M4 (Depth: 5 mm max.)

1500.5

212+
(32,5 150205 (1.2)
omron SBFS POWER SUPPLY o
— & O @ N L e A 50=1
B CcEEEEEEE Vg pdi i (I B )
1] b oog - / J (12.5)

1]
855 Nine, M3.5 Side: Four, M4 (Depth: 6 mm max.)
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S8FS-C

Models with DIN rail

S8FS-C0150I0ID (15 W)
(12.15) 974 5
7.6 7::— nJ T
- o0 0=0% %0 % %} 255
e | =
R 28
1L r
®
(12
—=
‘ 94
S8FS-C025010ID (25 W)
(12.1)
t 117.5 5
: P
CoRoIT ‘% At a0s
%S&QS 2eas j 495
se2etiases
7, S e issases
i\g = A I 62
. | h'4 35.2
= “ il
‘ 5 max.
; 1125
S8FS-C0350C1D (35 W)

(12.3) ‘* 117.5 5

OMRON




S8FS-C

5 max.

S8FS-C0501CID (50 W)

1125

S8FS-C0750101D (75 W)
S8FS-C100CJCID (100 W)

5 max.

177.7

(12.1)

165.5

Note:

The figure shows a 100-W Power Supply.
A 75-W Power Supply has 5 terminals.

S8FS-C150010ID (150 W)
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=
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=

96 %% Ye
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165.5
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S8FS-C

S8FS-C200C1C1D (200 W)

(12) —= 230.7 5

OO~~~
Haang
8

O

a2V Vs Ve Ye Y

9.5

56.25

J

seicie
e eU0e
eegese

g
=
@
=
e
RN
=
=
=
@
@

KddNE¥INOd GBS UORMIO

D
o
o

94.75

56.25

OOEEEEELEEET

A
S8FS-C3500101D (350 W)
: R T N =55

@o o o @
o (e}
0,0 H [Cm 0,0
== Q_Q_g =
210.5
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S8FS-C

Mounting Brackets (Order Separately)

Power rating

Mounting direction

Model

15W S82Y-FSC015DIN
25 W S82Y-FSC025DIN
35 W
S82Y-FSC050DIN
50 W
75 W DIN Rail
100 W S82Y-FSC150DIN
150 W
200 W
S82Y-FSC350DIN
350 W
15W S82Y-FSCO015DIN-S
25W S82Y-FSC025DIN-S
35 W S82Y-FSCO035DIN-S
Bottom-mounting to
50 W DIN Rail S82Y-FSCO050DIN-S
75 W
S82Y-FSC100DIN-S
100 W
150 W S82Y-FSC150DIN-S
200 W
350 W Bottom-mounting with L-brackets S82Y-FSC350B (4 brackets)

S82Y-FSC015DIN

Mounting Method

‘ 9.7
o \( Two,?S?ia. ey 25T.5
oo | P e

4.5 (Sliding: 7.2 max.)

Accessories (2 locations)

Be sure to use the accessory screws.
Mounting screw tightening torque: 0.48 to
0.59 N-m for M3 screws

S$82Y-FSC025DIN

(12)

Mounting Method

117.7

| i

e M [P as

6 © © ©0c© = '
\ Two, 3.5 dia.

loe o \ + i b 78,541
S} o | QO OO 495
| —
3.5 (Sliding: 6.2 max.) A ies (2 locations)
) Be sure to use the accessory screws.
[ Mounting screw tightening torque: 0.48 to
— 0.59 N-m for M3 screws
= =
112,51 5 max.

OMmRON




S8FS-C

S$82Y-FSCO050DIN
(12) 0 1477 Mounting Method
50W 17.7 5
Sl |
35W : - 1
o o \ . (35W) | 485
© ‘ o 495
o 9 L 7 85,541
® ©
g /N a 485
50W 35W 3.5 dia. (50W) 4]5
=l Accessories (2 locations)
4.5 (Sliding: 7.2 max.) 50W  35W Be sure to use the accessory screws.
5.5 (Sliding: 8.2 max.) Mounting screw tightening torque:
' 9:5- ' 0.48 to 0.59 N-m for M3 screws
e P v
] g .2
( (
i 7777¥ ‘ - L - =
PS5 5 max.
S82Y-FSC150DIN
(12) o7 Mounting Method
75W/100W  150W y
12 177.7 5
V& (12)
q — B s I
47.9
YAk 9
® o 000 O Iy \4..1
98.5+1
® © © 60 O q EJ
47.9
& AY Four, 3.5 dia. 49.1
{ N N ad
i s S
8.9 (Sliding: 6.6 max.) 150W 75WAD0W Accessories (4 locations)
5.1 (Sliding: 7.8 max.) Be sure to use the accessory screws.
i i Mounting screw tightening torque:
( ‘ 0.48 to 0.59 N-m for M3 screws
% Wz
‘ = =
150W  75W/100W 165.5:1 5 Mg
S$82Y-FSC350DIN
Mounting Method
12
@ 230.7 5
©
Four, 4.5 dia.
© \d
— \ S00W/350W Accessories (4 locations)
4.5 (Sliding: 7.2 max.) Be sure to use the accessory screws.
: 9: 7 i . Mounting screw tightening torque:
ﬂ]ﬁ ‘ 1.08 to 1.32 N-m for M4 screws
o 51.2
L 49.2:1\
. i

210541 5 max.
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S8FS-C

S82Y-FSCO015DIN-S

Mounting Method
5 4T<7 38.7 —=
— - I Two, 3.5 dia.
I o o ! ® ®
255 i . /
531 [ ‘ ¢ ¢
255 o o R ®
| B~ =
4.5 (Sliding: 7.2 max.)
;( Accessories (2 locations)
[ Be sure to use the accessory screws.
= Mounting screw tightening torque: 0.48 to 0.59 N-m for
M3 screws
(13) —
S$82Y-FSC025DIN-S
5 457 Mounting Method
i
825 | o2 [ o @g Two, 3.5 dia.
| \
78.521 Sﬂ‘ o o ‘ N
415 o o ‘”7 © ©o00O
3.5 (Sliding: 6.2 max.)
i Accessories (2 locations)
[ Be sure to use the accessory screws.
—- 49.7:1 Mounting screw tightening torque: 0.48 to
= W = { 0.59 N-m for M3 screws
602~ ™
98:+1
(12) == 108.2
S$82Y-FSCO035DIN-S
Mounting Method
5 46.7 —=
!,,
49511 o | o @O Two, 3.5 dia.
n i
| ¢ & T
o o \ © O
e 5 o o \ Y O e
47T

5.5 (Sliding: 8.2 max.) Accessories (2 locations)

Be sure to use the accessory screws.
Mounting screw tightening torque: 0.48 to 0.59
=

I N-m for M3 screws
B 49.7+1

(12)

OMmRON




S8FS-C

S$82Y-FSCO050DIN-S
Mounting Method
5 48.7 —
. Two, 3.5 dia.
485 || || © © 00
4 oo
o o
y o o O ‘
85,551 5 s o - +O
4![.5
4.5 (Sliding: 7.2 max.)
Accessories (2 locations)
Be sure to use the accessory screws.
-— Mounting screw tightening torque:
0.48 to 0.59 N-m for M3 screws
= 49.7+1
(12)
S$82Y-FSC100DIN-S
5 487 —  75W/100W g 3.5 dia. Mounting Method
=] &
479 | ‘
0l 6 o | @)
] !
98.5+1 i
o o ' 0O ® ®
49.1 ‘
| . ;
i =
3.9 (Sliding: 6.6 max.)
Accessories (4 locations)
7 Be sure to use the accessory screws.
- 51.2+1 Mounting screw tightening torque: 0.48
= W £ to 0.59 N-m for M3 screws
‘ 88.7
1511
(12) —= 168.2
S$82Y-FSC150DIN-S
5 48.7 —» Four, 3.5 dia. Mounting Method
i i © &
49.1 | 1 _
G o ! ®0.0
] |
98.5+1 ‘
5 o o : @ O
47.9 [7
ﬁ T T Q
=
5.1 (Sliding: 7.8 max.)
[l Accessories (4 locations)
[ 51.2:1 Be sure to use the accessory
screws.
= =
Mounting screw tightening torque:
0.48 to 0.59 N-m for M3 screws
108.7
1511
(12) =~ 208.2
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S$82Y-FSC350B (Four Brackets)

Mounting Method

(R2.2)
11.25 ‘ ‘ >
L alil
RITIR!
4.4
16.25
6.5 4.5 dia.

19.5+1

A

*
125
'

Accessories (4 locations)
] Be sure to use the accessory screws.

18.051 Panel mounting hole dimensions Mounting screw tightening torque: 1.08
to 1.32 N-m for M4 screws

F M4 Note: The mounting bracket is available
our, in 200-W and 350-W models.

150105 ! The figure shows a 350-W Power
1 ,7,7,7,7%, Supply.

l
I
135 145 135:05 ‘
I
I

150 |
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For Users of S8JC DIN Rail-mounting Power Supplies

If you are using a DIN Rail-mounting S8JC-series Power Supply, you can use a DIN Rail-mounting S8FS-C-series Power Supply or replace it with

an S8FS-C-series Power Supply with a Forward-facing Terminal Block and a DIN Rail Mounting Bracket.

Table of Corresponding S8JC Power Supplies and S8FS-C[1J Power Supplies with DIN Rail Mounting Brackets

':;‘i"r’g S8JC-Z %2 S8JC-ZS S8FS-C Power Supply DIN Rail-mounting Bracket %1
S8JC-Z01505CD S8JC-ZS01505CD-AC2 — | S8FS-C01505J

15W |S8JC-Z01512CD S8JC-ZS01512CD-AC2 — | S8FS-C01512J S82Y-FSCO15DIN
S8JC-Z01524CD S8JC-ZS01524CD-AC2 = | S8FS-C01524J
S8JC-Z03505CD S8JC-ZS03505CD-AC2 — | S8FS-C03505J

35W | S8JC-Z03512CD S8JC-ZS03512CD-AC2 — | S8FS-C03512J S82Y-FSC050DIN
S8JC-Z03524CD S8JC-ZS03524CD-AC2 — | S8FS-C03524J
S8JC-Z05005CD S8JC-ZS05005CD-AC2 = | S8FS-C05005J

5oy | SBCZ05012CD S8JC-ZS05012CD-AC2 = | S8FS-C05012J Me2y_FSCOSODIN
S8JC-Z05024CD S8JC-ZS05024CD-AC2 ~ | S8FS-C05024J
S8JC-Z05048CD — | S8FS-C05048J
S8JC-Z10005CD S8JC-ZS10005CD-AC2 = | S8FS-C10005J

100y | SBC-2100120D S8JC-ZS10012CD-AC2 — | S8FS-C10012J . %,
S8JC-Z10024CD S8JC-ZS10024CD-AC2 — | S8FS-C10024J
S8JC-Z10048CD — | S8FS-C10048J
S8JC-Z15005CD S8JC-ZS15005CD-AC2 — | S8FS-C15005J

150y | SBIC-2150120D S8JC-ZS15012CD-AC2 — | S8FS-C15012J e sc iz
S8JC-Z15024CD S8JC-ZS15024CD-AC2 — | S8FS-C15024J
S8JC-Z15048CD = | S8FS-C15048J
S8JC-Z35005CD $8JC-ZS35005CD-AC2 = | S8FS-C35005J

350 W | S8JC-Z35012CD S8JC-ZS35012CD-AC2 — | S8FS-C35012J S82Y-FSC350DIN
S8JC-Z35024CD S8JC-ZS35024CD-AC2 — | S8FS-C35024J

*1. To mount an S8FS-series Power Supply that is not a DIN Rail-mounting model to a DIN Rail, purchase a DIN Rail-mounting Bracket separately
from the Power Supply.
#*2. Consult with your OMRON representative if you use a 15-W or 35-W S8JC-Z Power Supply with a 48-V output voltage.

OMRON
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DIN Rail (Order Separately)

Note: All units are in millimeters unless otherwise indicated.

Mounting Rail

(Material: Aluminum) 7.3:015 —+ff=
45 T
= = == = = 35:0.3 2710 15 Model
F PFP-100N
—=15{=25 25 25+t 125 15 (5)% #1 PFP-50N
f————————— 1,000 (500) ————————=| E—

sk Value in parentheses are for PFP-50N.

Mounting Rail
(Material: Aluminum)

45 o
i T f Model
— = — = 35:03 27 24 202 @ —
v ¥ PFP-100N2
{15 1425m{ =25 25mf o= 25415 - 1+H< 15
1,000
110 |—
6.2
| 1.8
M4 x8 [it :
pantead Wl [ Model
L 35.5 T~yeol B
18385 PFP-M
N Ll
11.5[ L
—{10 -— 1.3
M4 spring washer ——-+-4.8

Note: 1. If there is a possibility that the Power Supply will be subject to vibration or shock, use a steel DIN Rail. Otherwise, metallic filings may
result from aluminum abrasion.
2. If there is a possibility of the Power Supply sliding sideways, place an End Plate (PFP-M) on each end of the Power Supply.

Terminal Cover (Order Separately)

Power . Terminal Cover
rating HElE e model number

25-W S8FS-C025L1!
35-W S8FS-C035L 1]

Terminal block direction

S82Y-FSC-C5
50-W S8FS-C05001]
Models with terminal block | 79-W S8FS-Co75[1]
facing upward 100-W S8FS-C1001]
S82Y-FSC-C7
150-W S8FS-C15001]
200-W S8FS-C2000 1]
S82Y-FSC-C9

350-W S8FS-C350L 11
15-W S8FS-C015LILIJ/D S82Y-FSC-C5MF
25-W S8FS-C025L1L1J/D
35-W S8FS-C035[11J/D
50-W S8FS-C050L11J/D
75-W S8FS-C0750L1L1J/D
100-W S8FS-C100L1L1J/D
150-W S8FS-C1500L111J/D
200-W S8FS-C2000L101J/D
350-W S8FS-C3500L111J/D

S82Y-FSC-C5F

Models with terminal block
facing forward

S82Y-FSC-C7F

S82Y-FSC-C9F

OMmRON
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Safety Precautions

Refer to Safety Precautions for All Power Supplies.

Warning Indications

Precautions for Safe Use

Indicates a potentially hazardous situation
ACAUTION which, if not avoided, may result in minor Ambient Operating and Storage Environments
or moderate injury or in property damage.
n » Store the Power Supply at a temperature of —40 to 85°C and a
Precautions for | Supplementary comments on what to do humidity of 10% to 95%.
Safe Use or avoid doing, to use the product safely. e The internal parts may occasionally deteriorate or be damaged.
Supplementary comments on what to do Use the standard mounting method only. Do not use the Power
Precautions for | or avoid doing, to prevent failure to Supply outside the derating range.
Correct Use | operate, malfunction or undesirable effect ¢ Use the Power Supply at a humidity of 20% to 90%.
on product performance. ¢ Do not use the Power Supply in locations subject to direct sunlight.

¢ Do not use the Power Supply in locations where liquids, foreign
matter, or corrosive gases may enter the interior of the Power
Supplies.

Meaning of Product Safety Symbols

Indicates the possibility of electric shock under

specific conditions. Installation Environment

e Do not use the Power Supply in locations subject to shocks or

vibrations. Install the Power Supply away from contactors and
Indicates the possibility of injuries by high other parts and devices that are sources of vibration.
temperature under specific conditions. Install the Power Supply well away from any sources of strong,
high-frequency noise and surge.

Indicates the possibility of injuries, such as Input Voltage Selector Switch

electric shock by disassembling the device, . . )
prohibiting disazsembly. 9 e For 100-W or higher models, the input voltage is factory-set to 200

to 240 V.

To use an input voltage of 100 to 120 VAC, change the input
Indicates the instructions of unspecified voltage selector switch to the 100 to 120 VAC setting.
general action. To use a DC input, set the input voltage selector switch to the 200

S>>

to 240 VAC setting.
o Minor electric shock may occasionally occur. Do not operate the

/\ CAUTION input voltage selector switch while power is being supplied.

Mounting
o Take adequate measures to ensure proper heat dissipation to
increase the long-term reliability of the Power Supply.
For models other than the S8FS-C3500100[], be sure to allow
convection in the atmosphere around devices when mounting. Do
not use the Power Supply in locations where the ambient
temperature exceeds the range of the derating curve.
For the S8FS-C350111: Forced air cooling with a fanis used. Do
not allow the ventilation holes to be blocked. The effectiveness of
cooling would be reduced.
The internal parts may occasionally deteriorate or be damaged.
Use the standard mounting method only. Do not use the Power
Supply outside the derating range.
If you mount the Power Supply by using the screw holes provided
on the chassis, the screws should preferably not penetrate beyond
the exterior by more than 3 mm inside the Power Supply. If you use
screws that are longer than this, make sure that they do not
penetrate beyond the depth given in the dimensional diagram. Use
the following tightening torque.

0.48 to 0.59 N-m for M3 screws

1.08 to 1.32 N-m for M4 screws
When cutting out holes for mounting, make sure that cuttings do
not enter the interior of the Power Supplies.
The internal parts may occasionally deteriorate or be damaged due
to adverse heat radiation. Do not loosen the screws on the Power
Supplies.

Minor electric shock, fire, or Product failure may
occasionally occur. Do not disassemble, modify, or
repair the Product or touch the interior of the
Product.

Minor burns may occasionally occur. Do not touch
the Product while power is being supplied or
immediately after power is turned OFF.

Fire may occasionally occur. Tighten terminal screws
to the specified torque.
S8FS-C015001J: 4.25 to 5.13 Ib-in (0.48 to 0.58 N-m)
Other than S8FS-C015[1[1J: 6.55 to 7.78 Ib-in (0.74
to 0.88 N-m)

Minor injury due to electric shock may occasionally
occur. Do not touch the terminals while power is
being supplied.

Minor electric shock, fire, or Product failure may
occasionally occur. Do not allow any pieces of metal
or conductors or any clippings or cuttings resulting
from installation work to enter the Product.

S>> B> &
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Mounting

The standard mounting pattern is shown below.

Mounting Pattern

A

Wiring

e Connect the ground completely.
A protective earthing terminal stipulated in safety standards is
used. Electric shock or malfunction may occur if the ground is not
connected completely.

o Minor fire may possibly occur. Ensure that input and output

*1 %1 75 mm min.
terminals are wired correctly.
B H e e = m ¢ Do not apply more than 75 N force to the terminal block when
EEE====a|| E2EE===a| tightening i
T j— T T gnhtening it.
* Be sure to remove the sheet covering the Power Supply for
20 mm min.

The above figure shows a model with the terminal block facing

upward.

machining before power-ON so that it does not interfere with heat

dissipation.
* Use the following material for the wires to be connected to the

S8FS-C to prevent smoking or ignition caused by abnormal loads.

Mounting Pattern B Recommended Wire Gauges
#1 *1 75 mm min. Terminals Model R\?V‘i:r%men;il;zzd
N S8FS-C01501010 AWG14 to 22
g =
] 4 S8FS-C025000 to
h B S8FS-C100000] AWG12 1o 20
' y Input S8FS-C150000000 or
| | = S8FS-C200000] AWG12to 16
R g S8FS-C3500J010] AWG12
The above figure shows a model with the terminal block facing S8FS-C01500100 AWG14to 18
upward. S8FS-C02512 to S8FS-C02524[]
. S8FS-C03515 to S8FS-C03524[1 | AWG12 to 20
Mounting Pattern § §2 S8FS-C05024 to S8FS-C050480]
S8FS-C02505 or S8FS-C03512[1
S8FS-C05012 to S8FS-C0501501
S8FS-C07515 to S8FS-C07548[1 | AWG12to 16
Output S8FS-C10024 to S8FS-C100480]
S8FS-C15036 to S8FS-C15048[1
S8FS-C03505 or S8FS-C05005[]
S8FS-C07505 to S8FS-C07512[]
S8FS-C10005 to S8FS-C1001501
The above figure shows a model with the terminal block facing ° AWG12
forward. S8FS-C15005 to S8FS-C150240]
S8FS-C200000 or
Mounting Pattern D 32 S8FS-C35001000
Protective S8FS-C0150010 AWG14
earth S8FS-C025000 to
terminal | SgFS-C350000] AWG121o 14

Note: The current capacity for the output terminals on the S8FS-
C02500 to S8FS-C35011 is 25 A for each terminal.
Make sure to use multiple terminals together if the current flow
is higher than the current capacity for each terminal.

Overload Protection

o If the Power Supply has been short-circuited or supplied with an
overcurrent longer than 10 seconds, the internal parts of the Power
Supply may occasionally deteriorate or be damaged.

¢ Internal parts may possibly deteriorate or be damaged if the Power
Supply is used for applications with frequent inrush current or
overloading at the load end. Do not use the Power Supply for such
applications.

S8FS-CUOMMY

S8Fs-cUOC
20 mm min.

To mount the Power Supply to a DIN Rail,
hook portion (A) of the Power Supply onto the
DIN Rail and press the Power Supply in
direction (B) until you hear it lock into place.
Make sure that the catch on the Mounting
Bracket is engaged with the DIN Rail.

(A)

- ®

To dismount the Power Supply, pull down

portion (C) with a flat-blade screwdriver and

pull out the Power Supply.

1. Air flow

*2. For mounting patterns C and D, a
separately sold Mounting Bracket is ‘
used to mount the Power Supplies to
DIN Rail. Refer to Mounting Brackets ©
(Order Separately) on page 29 for the Rall stoppey
separately sold Mounting Brackets.

37
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Output Voltage Adjuster (V. ADJ)

e The output voltage adjuster (V. ADJ) may possibly be damaged if
it is turned with unnecessary force. Do not turn the adjuster with
excessive force.

o After completing output voltage adjustment, be sure that the output
capacity or output current does not exceed the rated output
capacity or rated output current.

Series Operation
Two Power Supplies can be connected in series.

AC (L) +V

® S
_ A
AC (N) o o v
Correct b=
AC (L) +V
O O 1
VI ~
AC (N) o o V.

Note: 1. If the load is short-circuited, a reverse voltage will be
generated inside the Power Supply. If this occurs the Power
Supply may possibly deteriorate or be damaged. Always
connect a diode as shown in the figure. Select a diode
having the following ratings:

Type Schottky Barrier diode

Dielectric strength (Vrrm) | Twice the rated output voltage or above

Forward current (IF) Twice the rated output current or above

2. Although Power Supplies having different specifications can
be connected in series, the current flowing through the load
must not exceed the smaller rated output current.

Making Positive/Negative Outputs

e The outputs are floating outputs (i.e., the primary circuits and
secondary circuits are separated). You can therefore make
positive and negative outputs by using two Power Supplies. You
can make positive and negative outputs with any of the models.
If positive and negative outputs are used, connect Power Supplies
of the same model as shown in the following figure. (Combinations
with different output capacities or output voltages can be made.
However, use the lower of the two maximum rated output currents
as the current to the loads.)

O +v O 3
INPUT
O VO

oV
O +v O
INPUT
O VO -V

Depending on the model, internal circuits may be damaged due to
startup failure when the power is turned ON if loads such as a
servomotor or operational amplifier operate in series. Therefore,
connect bypass diodes (D1, D2) as shown in the following figure.

O +V O
INPUT D1 A
O VO

[Moad |
1 Load I

O +V O
INPUT DA
O -VO

o Select a diode having the following ratings.

Type Schottky Barrier diode

Dielectric strength (Vrrm) | Twice the rated output voltage or above

Forward current (IF) Twice the rated output current or above

OMRON

Parallel Operation
Parallel operation is not possible.

Parallel
Operation @ ACL) O OJ+V
AC (N) o olv
Incorrect
AC (L) oliv
AC () O of-v

Backup Operation

Backup operation is possible if you use two Power Supplies of the
same model.

Connect diodes as shown in the following figure for backup operation.

A
@ +V O
-v O

B
D2
— +V O—PH

b4
Load

-V O

Select a diode having the following ratings.

Type Schottky Barrier diode

Dielectric strength (Vrrm) | Twice the rated output voltage or above

Forward current (Ir) Twice the rated output current or above

* The output voltages of Power Supplies A and B output must be set
higher only by a value equivalent to the drop in forward voltages
(VF) of diodes D1 and Da.

e Power loss occurs equivalent to the Power Supply output current
(lout) times the diode forward voltage (VF), and heat is generated.
The diode must be cooled to ensure that its temperature is kept at
or below the value indicated in the diode catalog.

» There will be a power loss caused by load power and diodes. Be
sure that this total power loss does not exceed the rated output
power (rated output voltage times rated output current) of each
Power Supply.

In Case There Is No Output Voltage
There is a possibility that functions such as overcurrent protection,
over-voltage protection or overheating protection are functioning. The
internal protection circuit may operate if a large amount of surge
voltage such as a lightening surge occurs while turning ON the Power
Supply.
In case there is no output voltage, please check the following points
before contacting us:
o Checking overload protection status:
Check whether the load is in overload status or is short-circuited.
Remove wires to load when checking.
¢ Checking overvoltage or internal protection:
Turn the power supply OFF once, and leave it OFF for at least 3
minutes. Then turn it ON again to see if this clears the condition.
o Check overheating protection (350-W model):
Switch off the input power supply and switch back on after allowing
sufficient time for cooling.

Charging Batteries
If you connect a battery at the load, install overcurrent control and
overvoltage protection circuits.
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Period and Terms of Warranty

Warranty Period
The Power Supply warranty is valid for a period of three years from the date of shipment from the factory.

Terms of Warranty

The warranty is valid only for the following operating conditions.

1. Average ambient operating temperature of the Power Supply: 40°C max.
2. Average load rate: 80% max.

3. Mounting method: Standard mounting

%k The maximum ratings must be within the derating curve.

If the Power Supply fails for reasons attributable to OMRON within the above warranty period, OMRON will repair or replace the faulty part of the
Power Supply at the place of purchase or the place where the Power Supply delivered without charge.
This warranty does not cover the following types of failures.

(1) Failures that result from handling or operation of the Power Supply under conditions or in environments that are not given in this document
and not given in any other specifications exchanged between OMRON and the customer

(2) Failures that originate in causes other than the delivered product itself

(3) Failures caused by disassembly, modification, or repair of the Power Supply by anyone other than OMRON

(4) Failures caused by applications or uses for which the Power Supply was not originally intended

(5) Failures caused by factors that could not be anticipated with the scientific or technical knowledge available when the Power Supply was
shipped

(6) Failures caused by other causes for which- OMRON is not responsible, such as natural disasters and other acts of God
This warranty is limited to the individual product that was delivered and does not cover any secondary, subsequent, or related damages.

Recommended Replacement Periods and Periodic Replacement for
Preventive Maintenance

The recommended replacement period for preventive maintenance is greatly influenced by the application environment of the Power Supply. As
a guideline, the recommended replacement period is 7 to 10 years.* To prevent failures and accidents that can be caused by using a Power Supply
beyond its service life, we recommend that you replace the Power Supply as early as possible within the recommended replacement period.
However, bear in mind that the recommended replacement period is for reference only and does not guarantee the life of the Power Supply.

Many electronic components are used in the Power Supply and the Power Supply depends on the correct operation of these components to
achieve the original Power Supply functions and performance. However, the influence of the ambient temperature on aluminum electrolytic
capacitors is large, and the service life is reduced by half for each 10°C rise in temperature (Arrhenius law). When the capacity reduction life of the
electrolytic capacitor is reached, Power Supply failures or accidents may occur. We therefore recommend that you replace the Power Supply
periodically to minimize Power Supply failures and accidents in advance.

* The recommended replacement period applies under the following conditions: rated input voltage, load rate of 50% max., ambient temperature
of 40°C max., and the standard mounting method. (The fan is excluded for models with fans.)

This product model is designed with a service life of 10 years minimum under the above conditions.

OMmRON
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Terms and Conditions Agreement

Read and understand this catalog.

Please read and understand this catalog before purchasing the products. Please consult your OMRON representative if you have
any questions or comments.

Warranties.

(a) Exclusive Warranty. Omron’s exclusive warranty is that the Products will be free from defects in materials and workmanship
for a period of twelve months from the date of sale by Omron (or such other period expressed in writing
by Omron). Omron disclaims all other warranties, express or implied.

(b) Limitations. OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, ABOUT
NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OF THE
PRODUCTS. BUYER ACKNOWLEDGES THAT IT ALONE HAS DETERMINED THAT THE PRODUCTS WILL
SUITABLY MEET THE REQUIREMENTS OF THEIR INTENDED USE.

Omron further disclaims all warranties and responsibility of any type for claims or expenses based on infringement by the Products
or otherwise of any intellectual property right. (c) Buyer Remedy. Omron’s sole obligation hereunder shall be, at Omron’s election,
to (i) replace (in the form originally shipped with Buyer responsible for labor charges for removal or replacement thereof) the
non-complying Product, (ii) repair the non-complying Product, or (iii) repay or credit Buyer an amount equal to the purchase price
of the non-complying Product; provided that in no event shall Omron be responsible for warranty, repair, indemnity or any other
claims or expenses regarding the Products unless Omron’s analysis confirms that the Products were properly handled, stored,
installed and maintained-and not subject to contamination, abuse, misuse or inappropriate modification. Return of any Products by
Buyer must be approved in writing by Omron before shipment. Omron Companies shall not be liable for the suitability or
unsuitability or the results from the use of Products in combination with any electrical or electronic components, circuits, system
assemblies or any other materials or substances or environments. Any advice, recommendations or information given orally or in
writing, are not to be construed as an amendment or addition to the above warranty.

See http://www.omron.com/global/ or contact your Omron representative for published information.

Limitation on Liability; Etc.

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL LOSS IN ANY WAY CONNECTED WITH THE PRODUCTS,
WHETHER SUCH CLAIM IS BASED IN CONTRACT, WARRANTY, NEGLIGENCE OR STRICT LIABILITY.

Further, in no event shall liability of Omron Companies exceed the individual price of the Product on which liability is asserted.

Suitability of Use.

Omron Companies shall not be responsible for conformity with any standards, codes or regulations which apply to the
combination of the Product in the Buyer’s application or use of the Product. At Buyer’s request, Omron will provide applicable
third party certification documents identifying ratings and limitations of use which apply to the Product. This information by itself is
not sufficient for a complete determination of the suitability of the Product in combination with the end product, machine, system,
or other application or use. Buyer shall be solely responsible for determining appropriateness of the particular Product with
respect to Buyer’s application, product or system. Buyer shall take application responsibility in all cases.

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR PROPERTY OR IN LARGE
QUANTITIES WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE HAS BEEN DESIGNED TO ADDRESS THE RISKS,
AND THAT THE OMRON PRODUCT(S) IS PROPERLY RATED AND INSTALLED FOR THE INTENDED USE WITHIN THE
OVERALL EQUIPMENT OR SYSTEM.

Programmable Products.
Omron Companies shall not be responsible for the user’'s programming of a programmable Product, or any consequence thereof.

Performance Data.

Data presented in Omron Company websites, catalogs and other materials is provided as a guide for the user in determining
suitability and does not constitute a warranty. It may represent the result of Omron’s test conditions, and the user must correlate it
to actual application requirements. Actual performance is subject to the Omron’s Warranty and Limitations of Liability.

Change in Specifications.

Product specifications and accessories may be changed at any time based on improvements and other reasons. It is our practice
to change part numbers when published ratings or features are changed, or when significant construction changes are made.
However, some specifications of the Product may be changed without any notice. When in doubt, special part numbers may be
assigned to fix or establish key specifications for your application. Please consult with your Omron’s representative at any time to
confirm actual specifications of purchased Product.

Errors and Omissions.

Information presented by Omron Companies has been checked and is believed to be accurate; however, no responsibility is
assumed for clerical, typographical or proofreading errors or omissions.
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