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ABSTRACT

This complete cooperative education report presents the electrical system of the
Md4d automatic control device, which can be operated by turning it on and off the light
through the company's web platform. This Electrical System consist of the design of the
circuit board in the control part, and the LED part showing the working status by the box
size must be compatible with the design of the product design department. The unit can
handle a maximum output current of 36 amps per channel and a maximum total current
of 60 amps. There is a buck converter circuit that converts the voltage from 6 volts to 5.2
volts for use in the control circuit.

From the experiment found that the no-load voltage was 5.2 volts, while the load
with a 5-ohm resistor was 5.14 volts. The relay operates at a voltage of 5 volts. After all 4
relays was activated simultaneously, the output voltage measures 4.55 volts. The fan
circuit experiment can receive and send logic to the software correctly. Experiment of the
power supply current, the maximum current is 2 amps, the circuit designed can be
generated a maximum output current of 1.387 amps, it able to work. Experiment of M44

automatic electric control device can able to work as needed.

Keywords: PCB, Automatic Control Device, Voltage
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2.1 @InTanesdnnany (Switching Power Supply)

aindaunossnnats [1] Wuunasanglnnssniniussunuund swazaunsoUa s
ussfulnanladulaadgsliidunsaiulingsdis eldluaudia nnsedndlsguidetu
wigssngllBudy Suimnessnwansraeuy ssdedinslduseudadunisannouunsesiu

¥

qﬂmﬂut,mﬁum&miulﬁm LAEInTunInesTunate azdeenisldnoudasfifvuindnuas
hwiindes efsusuuvdsinglmdadudnisaindannosdnmanediuszans nnganindn
e
2.1.1 @3nTawnnitnnateiuwnasseliidadu
FaliUsouresaindaninesdunaodl a3 suiisuiuwna sanelvid s du
UsyAnEnniias suiadnuasimdniuniuasielidady Wesnnundselnaduliviio
waspud indeilvunalngwazimdnunn Weveuiusestunasnszuanuimioudas

napanaIMasugydeiiinanvdoulasielinngs Maasduseiuumrasdglidadudiuun

ldmesnsudawmesieaunsuewneg edenseuawazAsALsumaugydslusy

' (%
=

ANUTauaAa wazfesldunainauvunlnydsldnunuin
2.1.2 BANNISNITUVDIEINTINILIDTINWAY
PANNITVIIUVDIAT AT NIBSTNNATY [2] @TAT0 BLnLI9sTnwaned

asRUsEnRUug unAdwadsiukaslidudounnntn Asguit 2.1 Wladdguesaindaniies



FUNAYIL0Y N ABULIBTIADST LTBIINYIIMUINNIAANIULTIAULALAIATLTIAULDIANAA Y

v

DIAUITNBUAN 9 INTURLEIRUAIL

< AoUBSINGS -
2995Wawmes WWIIes s a 2995L389NTHUA
g = L ] wileuUasa@inde . Tian
wagisnilioos nsuTames LATNTOIUNSIAU
VIATUAN [«

JUM 2.1 99AUSENOUNUFIUIDEINTINIIDITNNATY (Switching Power Supply)
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(fian: https://powerelectronics-21052112.blogspot.com/2019/07/basic-switching-power-supply.html)
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2.2.4.1 wW2933188 (Power Relay)
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5UN 2.3 Sadussaniniiessiad (Power Relay)

(‘ﬁm: https://misumitechnical.com/technical/electrical/relay-working-principles/#)

2.2.4.2 Twanannstag (SSR)
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JUN 2.4 Sldussanlednanniag (SSR)

(17;31’1: https://misumitechnical.com/technical/electrical/relay-working-principles/#)

2.2.4.3 uan¥s3iad (Latching Relay)
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sUN 2.5 Siaduspinwandssiad (Latching Relay)

(‘ﬁm: https://misumitechnical.com/technical/electrical/relay-working-principles/#)

2.2.4.4 wAmad (Safety Relay)
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;s‘dﬁ 2.6 SrdUsznmenliziad (Safety Relay)

(17;31’1: https://misumitechnical.com/technical/electrical/relay-working-principles/#)

2.2.4.5 Inslwasstad (Timer Relay)
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(ﬁm: https://misumitechnical.com/technical/electrical/relay-working-principles/#)

2.2.4.6 Wasiuaastad (Terminal Relay)
wesiiueasiad dwgun 2.8 WiSiadvliaUssndandsnuiivuindn 399z

Anssaglunthesiad unludssgndldauainuuudunn-tersns (/0) \uluuneulnsaaesnes

TUswnsulAlofaan15annIS e nas9ny



11

5UN 2.8 Sladuszinnimesiiueasiad (Terminal Relay)

(17‘3.1’1: https://misumitechnical.com/technical/electrical/relay-working-principles/#)

2.2.4.7 @dUlsS1ad (Stepping Relay)
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(‘ﬁm: https://misumitechnical.com/technical/electrical/relay-working-principles/#)
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2.5 ynuitldlunisieans (Signal)
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a. Analog signal b. Digital signal
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(fhan: http://personal.sut.ac.th/paramate/files/compcom/compcomm03.pdf)
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2.5.2 deygyrufdnaa (Digital Signal)
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2.5.3 5n13dea1sUaya (Data Transmission)
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2.6 lalan (Diode)
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nszualniaglvanulalonls wagnsliludanau (Reverse Bias) azvilinszualnilnluanu
Tolenldls Sadeuiilalenuvindudndoanssualnimiadnflnees (Rectifier) vaniiai
LUSEJHLLUaQﬂiSLLﬂiWW’]ﬂﬁUIﬁL‘fJHIWﬂWﬂi%LLE‘WISQLLaﬂ‘ZiijJugf’JLLEJﬂﬁlfylﬁg’lmsLuLﬂ%aﬂ%JUaqu Judu
1aTendl 2 91 Ao v1uelun (Anode: A) Wiaw3auan wazwualng (Cathode: K) wiav1irau
aleniivhananansising Aendnvesansassafiserulddmaluihassds dwlalon

wuuvaangeyy1n1e gnidiarzmslumalulaglniusgeunsussnn fagui 2.13

PIN Tunnel
Diode / Diode

Q P g " .1 ’ ‘/v Dl;;;:' / ;v‘/{j; ':lv;:::?,
Types of Diodes & Their Applications

) / « o
Schottky Diode PN Diode m /Laser Dlode’: Zener Diode //
:’ Y

s

Ul 2.13 Usziamsing 7 veslelen

(‘ﬁ'm: https://semi-shop.com/knowledge/K-16/K-16.html)

2.6.1 Usinnvaslalaauuusisiafaia
2.6.1.1 lalaalasuasnsatoadh (Light Emitting Diode; LED)
lalonddauas fsguit 2.14 Huleleaildarsussinnunaidonendidu
TusiWoalwd (Gallium Arsenide Phosphide GaAsP) n3ea1swnald sunaals (Gallium

IS 1

Phosphide; GaP) unvinduansisdthuiiafivasiou wiuasddaeuuazwosindoy asmanild
AudnvzaY Ao aunsaisosasladelasuludanss nsiiauasiisn weaddtin Bantnsgdd
wug Jagiudeulduoadiuaninaluniadodidnvsednd 1y iasosAntay wiiina 1lusu
voslaloniUdanas dalddnedesni wazdvuindnlaenisidlniivesueadfasgnaruauaiiy
v aa ! [ % v 1 A s 14
Wuvedweadauandeiulumeanutiswieveddulasreulnsaaed 01gnsldanueiuiu wag

NAIUDYTUTZANT AN
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JUN 2.14 loloalUdauaamsouaadn

(fla: https://phukphan.blogspot.com/2016/05/diode-what-is-diode.html)

2.6.1.2 Tnllalalen (Photo Diode)
Tlslalon faguit 2.15 1Wulalenfiorfouasannaneuenduaud Fails
fogszninesensie PN iensgiuliilalemsinnu nsdelulalaleaieldauazunuuluda
ndu WlelauuasazsiliiAnnszualuiivililalonvhau defivedulalalen fenlhdeuasgs 1

Anusatunisnevaussgs Aldanslunisaniunise wazeignisldaueiuiuninlalen

1AIFIY

Ui 2.15 Tlalolen

(17';31'1: https://phukphan.blogspot.com/2016/05/diode-what-is-diode.html)

o

2.6.1.3 lalaanias (Power Diode)

v a

lalaan1as Aesun

Y

wnndnlaleanialy wedluldduanundiaeluings nssuagauaznusegamgiigala wu

2.16 Wulalasfeonuwuuliusinuseusoiyraning

[ [ v

Usznouueasiseanseua lTudidnnsetndnige Wusu
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5Ui 2.16 lalonrinds

(fiun: https://phukphan.blogspot.com/2016/05/diode-what-is-diode.html)

2.6.1.4 lalanusninasusaasuad (Varactor or Varicap Diode)
Ialamusnimesnieninay ﬁagﬂﬁ 2.17 Julalendi ddnuasfivay
asaUTuAaduaud lelasnsusumuseiulusanau talenuszaniiaswadamiioutu
Talonthaly vouzusesuludandu (Reverse Bias Voltage; Vi) g Depletion Region 9zuAuad
yilsf Ct nsssassiofings uwilumanssdudiusu vr gl Depletion Region axueneninely

yMla Ct TA9n nanwaenina1d 39d1swadlulvlureasdsuanud

JUN 2.17 laleausninesvisensuay

(i http://phchitchai.wbvschool.net/archives/1312)

2.6.1.5 Faslalan (Zener Diode)
Fueilalon Aeguil 2.18 Wugunsalansisdnhfiiinssualalleldsu
ludandunazseaunsanuludanadunin@iuesialanlultaulissninseaunsssunInalediues

laleaussnnilwunenazin luldniunulssiunlnan s 03993 0IN 15139 LA
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sUfl 2.18 Fueslalen

(fiun: https://phukphan.blogspot.com/2016/05/diode-what-is-diode.html)

O o & = A
481909731

2.6.2 msvinauvadlalen
nsvieuvestalen [11] @ulugazldlalealuniseenlinszualiludieniaten
U AUUR

Inggaulvnszualnlumdlanimils diunszuanlvanianinsstiuiuasgn
Taloaduiainsiaaaunuudtannsadndeg1auil e adurdulsslovidag1auinlunas

Siannsoiind
Talanazvinnulanassansanulnlaivvivediales nsssunsesulnlriulalan

Sendnshiluda (Bias) nistnludaunlaleniled 2 350
1) pshrludansasesenin Nesiisaluda (Forward Bias)
ANSIAMUDANTILUUTAD #92UINVILTIAUINASHINAUANTN AU UTEANT

LAZADTIAUVDILTITUINATITIAUATAIFUsELANLEU MUFUN 2.19
-+ H -

+ - é
O—N——O Current A\
(v - ) -

0.7v V —

I -+

|

—

Forward bias
Forward bias

(switch open)

sUfi 2.19 msloiludanss

(fha: http://www.psptech.co.th)
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2) msludagunsailalendoundu visefisenin Reverse Bias
nstudaludnuariazidunmsimualids A (Anode) fiAnvosuseiutiaaningg
K (Cathode) #sandnwaizsananifagyilvlaloatduliaunsanaziinszuald asanddugud

2.20

- H +
- + NO Current
0.7v \ \ i or CD
- L
O—/‘-—' I—( )
Reverse bias
(switch open)

Reverse bias

'
=1

JUN 2.20 nsludagunsailalendoundu

(i http://www.psptech.co.th)

= F74
2.7 n1staanlganaln
= Y o [ v (9] (Y] Gl < a o v A A =~
nsdentdanalil [12] dwsutnuinendy wse e1A1svUInEn FhAnigame 3eerny
UannfiuagAnnIMYaINMsHanTlaunsgIu ven. wavainsgiuseavaina IEC msizanelnly
nauUssnv Household sauluisanalnsdine Wuaelnilndsiagegerdeanniian uazegseus
Yoslinaanial dsumsdenldareluinnndnligndewswinsgiuivuanunngs wasl
o A v Y 1) & a =~ W a i a
Anuaensdegen Welivasasdeserldey wenintumsiiansanteingiunldlunmngn
2.7.1 anglnvasunasangln
anglnvasnnasatell azdinisiuaren1elunun wazaewdiaunaN b lunng
31elnlve9199sndnazaelasunisdasiuainnssualiiiu waznsanievstasgunsaitasium

) a a o =~ P a v Vo
Witngay n1sdaanumnudsmeniaiuatslidaaseu wasldiwmdsuauanglndoslasunis

v
a 1

Jasnuldlrdudanuideunsedugruiinisiaaoulnn §99797M I NAANULE N8/ DAUIUYD

AN
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anglnmnzaudmsulninssuaadvazdauduarelvindnvesviinudendiu
Tnefiuawiuesaziaaluendunsz wazliuiniiaglngownily lnesvuiavesiuiazla

AN PIRNSIEN 2.2

A5199 2.2 VUIAVDIAILN

YUINVDIAIUN
nszuavatgunIal — .
) o T, AWG UUNAYDINUTAREAA
(aud) a a
111N 0 AUd4 6 0,75 18
11NN 6 UDT 10 1,00 16
110N 10 3UDY 13 1,25 16
1771731 13 U9 16 1,5 14
110N 16 AUDY 25 2,5 12
11NN 25 UDY 32 4 10

2.7.2 Yeaglndmiusamininieuen
Tdeaelndmiusiediiinieusn [13] gUunsaiileusiafiuuieies wavgunsal
Sa ) Y Ay & v < = sala a a o o calal
nianglnneauenlilailudedivandemeans denvsegunsainiiussdnsamdmivaunsaldl
anelniiawnlilanansanensanld n1sWensediiusazinuanglinsluvesgunsaiazdoi
Tagedsla q auazynlvinisiendenisliin uaznenaiiWedels lngluiiuladiinuey
a ada = g v v a
gaun il gauniineygnilurweildnunelassuuuni
< ) (3 o ! J v v = = a
anjuaziani gndaiinisusnvesunasaelunandeiindediiduluniy
155U 150261 viveindeiiieufedlaluinussegiinduasanuudausadang anjuaziondos

Lildiedaduusenavaulaiuudazaglasuauginlvigadniaglumelaediteulyin i
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melulasunisiaesauliiinmmaadefasiiilii Tiseswuvansdeudulumuuinsgiu

FIMT9N 2.3

A5199 2.3 VUAvRItIRedusustn i Lazatefuteiu

nszuavd | IUINvResIt Wurheuduaangen Nufivdhén
aunsal (M54 (Haduns) (m15198aaLUAT)
(koud) fiaduins) WUULEN | WUUNEEA WUULEN wuuang
10 1 3,0 35 7 9,6
16 1,5 3,5 4,0 9,6 12,6
25 23 4,0 5,0 12,6 19,6
32 4 4.0 50 12,6 19,6
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N1393NLUU

luunilagnanisniseanuuugunsalmuaulnindalulifgu Mad Fdvdenlaozunsy

AU WHURILEASTURBUANTYINSIUYDITEUY LagN1508nuUUlATIas 19T slis18aziden

famolUdl.

3.1 vhanlaazunsuvasszuulviitvasgunsalatuaulnindnlusia Mad

220 Vac
Breaker 60 A

Temp sensor

Surge protection

i
|
!
R modle
|
— 4 — - Power Supply 6 V !
I La | Earth
| | |
I .
| @ |
| Step down 5.2 V [ Real time clock
| !
: X ! Power switch
I ' Microcontroller l :— for computer
| :
| 4 |
| 1 ]
| Microprocessor | !
: L Fan
: |
: Relay Controller | 7
L—— Module
Power Metering
Module
ey Power AC 220 V ———» PowerDC6V — PowerDC 5V

— - —» geadyaarannuanuls

--------- » Internet

UM 3.1 vdenlaezunsuvesszuuliivesgunsalrmunulnienluli@ mad
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n3UTt 3.1 iWuvdenlaezunsulaesnesszuulnlihuesgunsalmunulvingmlusifgu
Ma4 defiswazBoasil

1) nsguaaduLodng 220 Taad ivhilduundsselniilvdueseddlnih Ingagi
nsUasenszualniiiiuusnines Wdunnesdnnataussiuliinerdng 6 1aad wazsariu
fiagiidauniidn

2) winines (Breaker) Yiuihiiduaindlwihsnlusiafiosnuuuanifietesiursasilin
nnemdsmeiiAsannszualiing iy lneRaanlvaniiundeliindnisasagyiausie
msfanszualiiimdsnamanniaunilunsasiuih Favsninesildendiondng 60 ue

3) esdnnans (Power supply) usssuluiinedng 6 Taad i wuasind
nszuaadulnidunszuansaeding 6 hadilednothgunniasuesiu Maa

1) avUannszuansaeing 5.2 Taad vimthlanussiuanussiuluiinnszuanss
e 6 Taad lindeussiunszuanssersing 5.2 1aad waziludianelwbigunsalledeing ¢
19934088 AkANIENUE 1935HnaN wazlulasiuswawes

5) lailaspoulnsaiaes (Microcontroller) iwihiidasefuasaslulasiusiwaiwes

6) lulaslUsimaies (Microprocessor) simthilugunsainiuaunisyinnuvesgunsal
muaulnihdaluiRsu Mad iWuduussanananansivivihifusmanduees wagdnlodnna 4
wsahgdunmdrueinmazsioingaunsaling o muidmualy

7) lugamunu3iad (Relay controller module) vhnihiiduainddidnnsedindlasas
Fu-deAnntinuanled wazdernanura3wensinNusaglunu LN T adALARIE UL

8) lugainnslindsaulaliih (Power metering module) vhnihfifausstuluin waz
nszualwihiliuuesgunsainisuen

a

9) Wuwesingamadl (Temp sensor) uthitindgaumgdl

10) ’quﬂiﬂiﬂmﬁ’ulvxlmgﬁmﬂuiaﬁuqﬂﬁz}"'wmz (Surge protection module) ¥wiinil
UJasdulninszein

11) ey (Earth) vwmihilnsivaeuingunsaiimssaaneiuviold

12) TugaunfinuuuiEealmsd (Real time clock module) Mmihiinansainisyianu
Y839UnTal

13) andlnldmiunenfiames (Power switch for computer) it fiiduisasaindida

Yamuedvaslulasiuswawas
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14) @anuzleadd (LED Status) vivtifuanslwaniunisaivitauvesssuugunsal
muauliianludfisu Mad

15) Wnasl (Fan) simthitfinaunnelunsasiifiugunsaimuaulidnlusifisu maa

16) Buwediiln (Internet, Intranet) ¥iuihidusanarndlunisiudeya uwazdadoyasiis

1 meluszuvaunsalmuaulningnludfisu Mdd Fanansasuanlansssuuliane wagldany

3.2 unaren19vineuvasszuvaunsalauaulnindnlusingy Maa
wearansviuvessruvaunsaimuu i enludfisy Mad denefiu 2 du deielull

3.2.1 wruran15vuTla-Un vasszuugunsalnruanlWindnludfsuy Mad

S

/ nsanALeAIRSAvRAAS DMLY /

wihivUssanalazdrLanAsa

/ Microprocessor SUATa WA /

Microprocessor Uszanarataya

v MAIUA-Ua v
damAdan NaRGHGSAR
o § a [ o fa [
/ SIRgUANSYINGY / f SleUANSYINY /

WOARA LANIENIUY WOADA WANIANIUY
WANSYINNY Unn1svingu
| 3 |
’u‘

5UN 3.2 uruian1svinaude-Un vesszuvaunsalauaulniingnludfisu Mmad
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v

/ Microprocessor $UAINITYINNTY /

v

Microprocessor &4AIN15911911

/ AU UAINITVINY /

<LLammmsﬁNmﬁ%ﬁﬁﬁu )

YUAISVNU

JUN 3.2 unukan15vinautin-Un vessvuvaunsalnivaulningnlud@isu Mad (i)

91n5U# 3.2 wnuianisviele-Un vesszuvgunsalmunulnliismlusiasy
Mad fimssurrainutiniulediiothdeyaudszananaiedddviululasluswaives 1o
lilpsTuswalesinissumainuiiuagyhnisasamuiisiduiivhnsasanly Tneletinisds
Wnagihlisiadilansyiau devhlinszualwihiimsivaiedlulda ufugunsalitdedy
w3adlurasfidodinisamsiauainuindulessades Daieldlwinssualnassnluain
99TFNUNTANINNUL AR B LA ULEA DALARIENIUATAIINUTS VRIS LAY

3.2.2 WHUKINISTN9IUUD92925WA AN

VSR

/ §uA191n Microprocessor /

v @ ¥

SuA 1 "Weay SuA1 0 Weay
Wan15vn9u Uan1s119au
l vaY |

5UN 3.3 urulansviauvensasinay
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Microprocessor

SUAINISYINU

v

Microprocessor

A9AINTYINU

i

nUAUUAINITIU /

v

QLﬁﬂdﬁﬂﬂ”liﬁ’N’mﬁﬁﬁ’lL%U )

JUNITVNNU

UM 3.3 unuien15vnuYeRsinay (se)
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313UN 3.3 WHUHINITYNUYBRTWAANAZIN1TTINUlae susafiy

Lulaslusiwawes Wadia1duns 1 9 ngeniisagyiliinaudainay wagyiinisdernduns 0

I3 o Y a o = U d‘ = a a o = 1 1 Y]
nwanlsazvinlieandani1syinau Tuvasieadudiaiinisile-Uavineuasinisasanduld

Trlulaslusiwawasdssalinuniniussly

3.3 N132ANLLUUINRT

3.3.1 N1599NLUUVNATHIINULNAINTZHENTS 6 1as

Sl 6vo L1
N MAIN A
2 | L L4 13300UF5A Lt
8 e o C3
L MAIN " [3300uF16v  [3300uF16V ~ [0.1uF50V
p—o 1N GND ’
noise filter noise filter frequency filter
HEO06P15LRN

JUN 3.4 2asmadnglilussiuliihnssuansuednn 6 1aad
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1n3UT 3.4 Mmsvhnurennediusulifiinssuansaedng 6 Taad
Suanmnesdnwateimiiulasuseiunseuaaduiendng 220 Taad T duuseiulaiin
nszuansadusefueing 6 laad uwazlidAudszad wihminfiannisnseiil envesusasy
nsesmd wardidumieniiues L3300UF5A simiiifinsesussiusaniuasundinesviilid
ussFu e FouannBeiy
3.3.2 n1seanuuUNeTanusIRulinszuansedunaan 6 Taad luaunseiieds

@ENA 5 1aad

s L sv
o ON/OFF OUT] >
4 -
FB 3
6V0 1 ~ Py Fs =
B VIN GND 5] B I &
e S b a
8 eNpa Di1 g == =
=2 1N5822 — 3 3
= LM2596SADINOPB
O [
8 &
o

sUTl 3.5 29asanusssiunszualiianniedivm 6 Taad lieinm 5 Tad
n3UT 3.5 MIvenuuUseTanuswiunszualylinanieding 6 Taadluiendne
5 hadazaruausagled wes LM2596 azvinisiduaind Tnednguii 1 uazandl 6 aldh
wilonir 47 lulasteuisuaainuiil 2 Jsansurdamesazvieenazinnisnsesmnuiiiesnsn
askaziSuainane wagmsivuaAfefiunluesild 330 Teviudy 1.05 Alalesu
dipagriniskenusstuednaues LM2596 137 5.2 Taad
3.3.3 mseenuuurasinaulianansale-Un audideveswenduas uazdenn

anruzn1sinaulinusandwag

GPIOPin GPIOPin

JIN T CUTT R9 s S
FANIN FAN OUT FANI1
T o
10k 560 > O
Q4 Y i O
N 1N4001 % d
G.\ID ll GND FAD onnector pm

£

5UN 3.6 1aviinaulvianunsala-Un audidaveseniud uazdernluiugeniuas
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1n3UT 3.6 lilaslusiwawesazmugunsvhuresinaususoain daded
Mdsdunm 1 1n9nwenuaf weawnazsimsdonsensnaliiduiinaudil 5 ladunsoogneu
wih Juiliinautanisvinnu Tuvasferiudidrnduns 0 nsnnazliseiuinaudayinlin
asllsianunsashaule Feuvesinandn 1 vezdensorvlulaslsiwawesifionansaniugans
nuvesinaunduliiueenuas

3.3.4 N1999NUUUNITUDADA (LED) LEAIEATUNITAININIUYD IS

o Surge Earth Wifi System LED1 RL1) LED2(RL2) LED3(RL3)  LED4(RL4)
® ® % % ® LY ® X ®
% % x % X % X, x %
D2 D14 D10 D9 D4 D35 Dé D7 D8
Power Surge Earth Wifi System

LEDI(RL1) [LED2(RL2) [LED3(RL3) | LED4(RL4)

R4 R30 R26 R28 R20 R21 R22 R23 R24
560 560 13k 560 560 560 560 560 560

JUN 3.7 N1580NHUVNITUOABR (LED) WAn9anIunISainuYedias

] I
aaaa U o

3INFUT 3.7 NN5ONUUUIITLEATATAARIBIULLHEINITUANIANIUENTYINNLY
fnswensieiukssnulniihnszkansodine 5 Liadluukadsaslagleadalanianl

1) k9adn D2 LNV IUABIALATINTIINVBIUDIAAL LAAIDIANIUNITAIVINIU
Wadn1sla-Usa3ed
2) weadh D4 axinisweusanululaslusiwawesashandan1un1salvinauLilad

AN5LYIUADAUINDT

= = LY

3) WOADA D5 LLVOUADAUILATAIN 1 VDIIIIT

a & v

6 LTBUABNUIALAIN 2 VDII99T

D.

4) weadd D
8m D

5) Loa 7 azdonseiudiadiai 3 voeas

6) weash D8 FouseiuTasiif 4 v991993

7) weadh D9 anidouranululasluswaes v uansanIuziioiinsiiouseniu
Tl

8) keadh D10 zhansanIusiilaiin1sAanuanyfUY

9) WEADA D14 VLLAPIANIULLIDIIITUDILTIAUNTLTIN
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3.3.5 N1599NLUUI9ITILAT
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vesiladazidoudoruussiulniinszuaaduiendnnnulugainnisldndsaulin 220 Taad
wazandl 4 vesiladazidousefuimesfiueavieeniievsesussiulniinnszuaadu 220 Tad
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3.3.6 madeudensaduazussduluiiinssuanss 5 Taad duduidagiead (USB) 2
Fuvasgunsalmuaulnindnludifvesiu maa
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USB1

> L1
sv 212
313
414
It 25
S
oy |z
88

SHIELD | St

SHIELD 1 | 82

SHIELD 2 | 83

SHIELD 3 | S4

URADIBTH

JUT 3.9 nsWeusensnauazusiulninszuanss 5 Taad duduilagiead (USB) 2 Guves

gunsnimvaNliihdnlulifvesgu Mad

3.4 N1T9BNUUULKL293T (PCB) dIUVBINITAUANLALUNIIS (PCB) Tudiuvas
uoadn (LED) wanganiue
FURBUNNTODNULUULUURHIINDS dauveansmuny wagludiuveueads iladndslnd
Tritulsselddniumnsasiu Mag dgsd
3.4.1 NN3PDNLUUUNGIITIidanAARINUNEDIB S BRBNLUURNINARA9
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INFUN 3.10 NMT0BNKUULHINITILTUBLTUAN BEYRINdRINBanLUULAgH Y

Y
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PONUUUNANA AT Teazdeafiansanietedidanimugs dunisvesgunsal uagdumivoss
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[1] “sAnTanansdnnans (Switching Power Supply)” (svuusaulati) unasiiun: https://
powerelectronics-21052112.blogspot.com/2019/07/basic-switchingpowersupply.html.

} %4

WNanTagavng 7 weAIn1eu 2565.
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[2] afiwwg NTund, Bannsalindwaliies ey 1, @y 1. ANHATIN 1, ngann, drwinfiam
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RNy, 2550. iinfandagating 18 unsiau 2566,
[3] dns5¥an] ss5anyyn, 2s9sBiEnnsetding, ngunm, U3t Bidagiadu Srin@mvw),
2558. 1isadaantineg 25 unsAu 2566.
[4] “S1a8 (Relay)” (szuusaulal) wasiiun: http://www.krurock.com/Arduino/Doc/Sheet
07 Relay.pdf. iinfsnsantine 5 wgadnieu 2565.
[5] “MsTineuvassad” (ssuusaulatl) wiasfiun: https/misumitechnical.com/technical/
electrical/relay-working- principles/#. L%Wﬁﬂﬂ%jﬂqmﬁw 5 WgAIN1EU 2565.
[6] Fuauasnsnidsuis, sanuuunaziiasziaeesaeasinfindae ELECTRONIC WORK
BENCH aduuiuus, Faindadt 1, UUNYS, ﬁwaﬁudaumﬁmauﬁmé%mﬁm 2556. L5
pSsaniiny 26 uns1AL 2566.
[7] “ua@wn (MOSFET)” (szuuseulay)) unasin: http://pws.npru.ac.th/thawatchait/data
ffiles/.pdf. ifsnssaniine 10 wgAinieu 2565,
[8] “Inseadneuaann” (szuusaulat) uvasiiun: http://apinunt.yolasite.com/resources/
AnaloglC/chap-MOSFET-lite1.pdf. L%’]ﬁﬂﬁ%ﬂ?j@ﬁ’]ﬂ 11 weFInIeu 2565.

[9] “ ryayrauitldlunsdosns (Signal)” (szuuseulatl) undsiiun: hitp://personal.sut.ac.th/
para mate/ﬁles/compcom/compcommOB.pdf.Lsﬁ’lﬁﬂﬂ%\ifjﬂﬁw 11 weAINN8U 2565.

[10] “lalen (Diode)” (sxuupaula)) unasdi: https://phukphan.blogspot.com/2016/05
/diode-what-is-diode.html. 1ihisadsanie 12 Sunau 2565.

[11] “prsvineuvadlalen” (svuussulal) wiasiun: lalen (Diode) Aeayls? (psptech.co.th).
ihiansaaeving 12 Sunau 2565.

[12] difnenusnasgunansiasignannnssy, Isesdnasasnszuamasuuuiigunsailioaty
nszumﬁué’m%’u‘hﬂuﬁagmﬁaLLa:fL‘i'flué'nwmzﬁﬂé'wﬁ'u, NIANN, NITLNTNQAANNTTY,
2548.
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[13] IEC’s member National Committee, Wiring terminals for connection of external
conductors, INTERNATIONAL STANDARD IEC 60950-1, Edition 2.2, 2013, pp. 130-
135.
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N Single Output Power Module E
m  Features:
m  Compact size HIECUBE
u U.nlversal .Input:B? - 26§VAF/100 -370VDC NENSD2AERN
= High efficiency, high reliability ne
= Regulated output, Low ripple & noise
= High isolation voltage up to 3K/4K VAC
m  Plastic case: 25*39*22mm
= Output short-circuit, over-current protection
= Low standby power consumption, environment friendly
= PCB mounting
= 2-year warranty
m  Application:
e Industrial electrical equipment
e  Mechanical equipment
e Industrial automation equipment
e Handheld electronic equipment
e  Wireless network
e Telecommunications/data communication
e Instrument
® Productdescription
HE series——a 24W compact size power converter offered by HIECUBE. It features universal

input voltage, taking both DC and AC input voltage, low power consumption, Low ripple &

noise, high efficiency, high reliability, 4000VAC safer isolation.

It offers good EMC

performance, and widely used in industrial, electricity, instruments, telecommunication and

civil applications.

jzhou Gaoya Information Technology Co,, L

Product model| description :

x?

PXX LRN

4— Series Feature

¥ ., |

LRN for low ripple
15-15W,24-24W
05-5V,12-12V




24W Single Output Power Module

HE-24W Series

®  |nput Specifications :

HEO5P15LRN

HEO6P15LRN

HEOSP24LRN

HE12P24LRN

HE15P24LRN

HE20P24LRN

HE24P24LRN

HE28P24LRN

HE36P24LRN

85V~265VAC
100V~370VDC
50/60HZ

<500mA

<300mA

<05

<0.2s

m  Output Specifications :

HEO5P15LRN 5V 3A 80% +1.5%
HEO6P15LRN | 6V 2.5A ol 82% +1.5%
HEOSP24LRN 9V 2.7A 84% +1.5%
HE12P24LRN 12V 2A 87% +0.8%
HE15P24LRN 15V 1.6A 88% e +0.8%
HE20P24LRN 20V 1.2A 24W 88% +0.8%
HE24P24LRN 24V 1A 89% +04%
HE28P24LRN 28V 0.85A 90% +0.4%
HE36P24LRN 36V 0.6A 90% +0.4%
= Ripple & Noise :

HEO5P15LRN 30mV 35mV 120mV 200mV
HEO6P15LRN 30mV 35mV 120mV 200mV
HEO9P24LRN 20mV 30mV 45mV 80mV
HE12P24LRN 20mV 25mV 40mV 80mV
HE15P24LRN 20mV 25mV 40mV 80mV
HE20P24LRN 20mVv 28mV 45mV 80mvV
HE24P24LRN 20mV 28mV 45mV 80mV
HE28P24LRN 20mvV 28mV 45mV 80mvV
2/ 4

Guangzhou Gaoya Information Technology Co,, LTD HE- 24w
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24W Single Output Power Module HE-24W Series

m  General Specifications :

Switching Frequency 65KHz
Short Circuit Protection | Hiccups, continuous, self-recovery
Over-load Protection >Load110%, self-recovery
Overheat Protection higher than 80°C (+4°C)
Isolation voltage Input-Output ~ 3000VAC /1min
Operating Temperature | -30~70°C
Storage Temperature -40~70°C
Weight 47g(+29)
Package Dimensions 25.5*39.5*22mm
Casing Material Aluminum

Cooling Method

Free air convection

Safety Class

CLASS I

m  Design Reference

1. Typical application circuit:

L 2A NIC,

s =7t

N

HIECURE cl

=

6N 2 o0

2. Low ripple application circuit:

FII2A NTC

Y g L
z
o

HIECUBE

(&)

3. EMC application circuit:

FU2A

NTC
L S—— 7% _j —p—— [—--h
D R\:ﬁ’ HSGC){I .= c HIECUBE cr C. (=]
" T !

PE

L 4
cn cvzl GND

S e/ P

Guangzhou Gaoya Information Technology Co,, LTD

3/4
HE-24W




HIECUBE
HExxP24-LRN

INPUT. ot

OUTPY! W

4x01 [00.04]

f
| R,

Front!View) 29[0). 1 41

— . Rees  EEmD 27[1.062]
i I 3

- It
i 1 ! I

4.6 [0.181] <= il ol et ol e ot
0.6 [0.024] 41[1.614]

PC Board
Note: grid distance: 2.5472.54mm
39.5[1.555]

. 25.5[1.003]
|
& | 3
o, u;am;:mv (=3 Pin -Out:
= W ) X
9 2l O Pin Function
0 | | =) 1 AC(N)
1 4 2 AC(L)
: 3 Vo+
! 4
13[0.512] 20.32[0.8] = [C:D
nit: - mmjin

Note:
1. Allindex testing methods in this datasheet are based on our Company’ s corporate sta

ndards;
2. Unless otherwise specified, parameters in this datasheet were measured under the cond

itions of Ta=25°C, humidity <75% with nominal input voltage and rated output load;

Guangzhou Gaoya Information Technology co., LTD

Address: Room 210, Building A8, the 3 Longdong Industrial Zone, Tianhe District, Guangzhou
Tel: 400-778-0583/020-29019513

E-mail: hiecube@foxmail.com

Guangzhou Gaoya Information Technolegy Co, LTD



lTL Certificate of Conformity

No. 8, Jingianling Street 5, Huangjiang Town, Dongguan, Te I: 86-769-39001678
N Fax: 86-20-62824387
Guangdong, China. www.i-testlab.com

No. ITL-D210331001

The following products have been tested by us with the listed standards and
found in compliance with the European directive 2014/35/EU. It is possible to
use CE marking to demonstrate the compliance with the LVD Directive.

Applicant : Guangzhou Gaoya Information Technology Co., Ltd.

Address : Room 210, Building A8, the 3rd Longdong Industrial Zone,
Tianhe District, Guangzhou, China

Product name : Power supply module

Model No. : HEO05P15LRN, HEO6P15LRN, HEO9P24LRN, HE12P24LRN,
HE15P24LRN, HE20P24LRN, HE24P24L RN

Technical data : Input: 100-240VAC, 50/60Hz, 0.5A;
Output: see model list on test report

Test Report No. : D210331001

Test Standards

EN 62368-1:2014+A11:2017 Audio/video, information and communication

technology equipment

Part 1: Safety requirements
The test report was carried out from the submitted type samples of a product in compliafice wi
the specification of the respective standards. The certificate holder has the right to fix the
CE-mark for LVD directive on the product complying with the inspection samples
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G6QE

PCB Power Relays

Miniature and Low Height L N )
Single-pole Power Relay
with 36A Switching Current

« High switching current of 36 A@250 VAC and 10,000 operations,
30 A@250 VAC and 100,000 operations in a miniature package

* Achieved 10-kV impulse withstand voltage (between coil and contacts)

« Power consumplion reduced to 12% compared with rated coil
consumption by lowering the applied voltage to the coil after applying
nominal voltage for 100 ms relay operation (Reduced to 35% from
rated coil voltage)

* Conforms to cULus, EN and CQC

RoHS Compliant

Model Number Legend Application Examples
G6QE-[10[] mpiome applidpceg G
123 *FA equ'lpmenl \ S
* Industrial machinery E
1. Number of Poles 2. Contact Form 3. Enclosure rating
1:1-pole A: SPST-NO (1a) None: Flux protection

Ordering Information

Terminal Shape Classifi Contact Form Enclosure rating | Mode! Rated coil voltage | Mini packing unit
] 5VDC [
PCB terminals Standard SPST-NO (1a) Flux protection : G6QE-1A 12VDC ‘ S0pcs/tray
24VDC

Note. When ordering, add the rated coll voltage to the model number.
Example: GBQE-1A DC12
Rated coil vollage
However, the notation of the coil voltage on the product case as well as on the packing will be marked as [1CIVDC

Ratings
® Coil
Rated current Coll resistance MustEgcravvlaast| MUshigleass VaEOH M Solaty Power consumption
Rated Voltage (mA) © V) (V) (W} (mW)
% of rated voltage
5VDC 280 179
o,
12VDC 116.7 | 102.9 | 70% max. 51023% (a‘l‘;%fc) l”\“’;’g: ];“2’0
24VDC I 583 4114 PHis
Note 1. The rated current and resistance are measured at a coil temperature of 23°C with a tolerance of +10%.
Note 2. The operating ch. istics are at a coil ire of 23°C.
Note 3. The maximum permissible voltage is the maximum value of the fluctuation range for the Relay coil operating power supply and was measured at an ambient
temperature of 23°C

*  Power consumption with Holding Voltage is approx.172 mW (when applying Holding Voltage at 35%). Please confirm the detail in page 3 Coil Voltage Reduction
(Holding Voltage).

® Contacts
Contact type Single
Contact material Ag AW(Cd lree;)—
36 Aat 250 VAC (Resistive Load)
Rated load 32 A at 250 VAC (Resistive Load)
30 Aat 250 VAC (Resistive Load)
Rated carry cument 36 A
Max. switching voltage AC 277V
Max. switching current AC: 36 A
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G6QE

PCB Power Relays

Characteristics
Contact resistance *1 100 m Q max.
Operate time 20 ms max
Release time 10 ms max
Insulation resistance *2 1000 MQ min
" - Between coil and | 4 500 VAC. 50/60 Hz for 1 min
mm 12 000 VAC, 50/60 Hz for 1 min
Insulation distance m coil and Clearance: 3.2 mm, Creepage: 6.4 mm
Impulse withstand | Between coil and
4 1s 10KV (1.2 x50 ps)
o 10to 55 to 10 Hz, 0.75 mm single amplitude
T Destruction (1.5 mm double amplitude)
Malfunct 1010 55 to 10 Hz, 0.75 mm single amplitude
- | (1.5 mm double amplitude)
Destruction | 1,000 mva2 B
Shock Malfunction 200 mis?
nanical 1,000,000 operations min. (at 18,000 operations/n
Mﬂuﬁ ——— pi: — I—»~£ B v f ol —~— -)~ — Note. The values given above are initial values.
100,000 operations min. (30 A, 250 VAC, resistive load) *1.  Measurement conditions
Durability Electrical 50,000 operalions min. (32 A, 250 VAC, resistive load) 5VDC.1 A voltage d s
& 10,000 operations min. (36 A, 250 VAC. resistive load) " (s lage crop methock
| (ON for 13 and OFF for 9 5) 2. "T",‘f:*‘.“’e"“?"' conditions ~
+ = v e ——  — ir was
Failure rate (P level) (reference value) *3 | ;go(/) mgoit &;V[t):l o 1 T with 2500 VDG RS
o A s to 80% of rated coil voitage (contact carrying current ,atBs " i i o
Coil holg'igvpltage e 35% 10 50% of rated coil voltage (contact canying current 38 A, a1 85 °C) kx:allons)as InREIERge: strengtn :was
i - -40°C to +60°C (when applying Rated Coil Voltage) *3.  This value was measured at a switching
Ambient ing (AOQC iy 324, wh Holding Vol 35% o 80%) LA forsimin.
nbient operating temperature (contact carrying current 32 A, when appiying Holding Voliage at 35% to 80%) *4. Power consumption with Holding Voltage is
g | tcomactcaryiog curent 36 A when agpyng Hoding Vollage 5% 050%) | Lopre, 73 mW (when zpplying Hokling
e (;I no:cnng S !\sa“_)v L L Voltage at 35%). Please confim the detail
Ambient operating humid 5%1085% \ 0. W in page 3 Coil Voltage Reduction (Holding
‘Weight | Approx. 17 g Voltage)

Actual Load Life (Reference Values)

250 VAC Capacitive load

Inrush: 42 A (0-p), Steady: 30A, Break: 2.5 A
150,000 operations min. (Ambient temperature: 23°C)

Engineering Data

®Maximum Switching Capacity
G6QE-1A

i

é
g

Switehing curmort (A)
|

0 50 100 230 %00 1000
Swiching voltage (V)

®Durability

®Ambient Temperature vs. Maximum Coil Voltage

G6QE-1A G6QE-1A

’ETI 000 3
i EARIAR B
T A AL 2
= = 2
= 1 T E » S60E-1A 24
i1 ====
1 § o \ \/
H =
-g » / \ Connecting Method:
E oL | &% GEOE-1A 364 Mounted 3 Relays
2 horizontally based on

s ) EN

| Ir ion Interval:
: 50 mm
‘0 10 20 0 40 : o 0 0 €0 0 1

Contact curreat (A)

® Ambient Temperature vs. Maximum @Shock Malfunction

Operate or Must Release Voltage
G6QE-1A

g

mple Nt Op erating volage
GEQE1ADCIZY _ ====i Must Roleasn vokage
Numbor of Relays: 5 pos

T

Must aparate and must relosse valiage {fatio of raked voiage) (%)
&

20 20 20 2 60 80 10f
Ambent temperature ('C)

G6QE-1A

Ambient temperature ('C)

Conditions: Shock is applied in 4X, +Y, and 47
directions three times each with and
without energizing the Relays to check
the number of contact malfunctions.

Standard: 200 mvs?
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G6QE

PCB Power Relays

Dimensions
G6QE-1A PCB Mounting Holes Terminal Arrangement/
(BOTTOM VIEW) Internal Connections
= (BOTTOM VIEW)
30.5 MAX (=16 MAX. =1 o
r_ _1 6251 aby 2181015 [ —ag
—— f_ == s : a 3_1
mhor  pr—et—eb L
| TN . | =g |
5708, {No coil polarity)

12000+
iy

2406 SQUARE

Approved Standards

The approval rating values for overseas standards are different from the performance values determined individually confirm the
values before use.

UL/C-UL (CSA) Recognized ) s (File No. F41515) CQC certified: (Cerlificate No.CQC18002192007)

. Number of Number of
Model Coil ratings Contact ratings test Model Coil ratings Contact ratings test
operations operations
GBQE-1A | 51024 VDC | 36 A277 VAC (Resistive) 85°C | 10,000 GBQE-A [ 5, 12,24 VDC | 36 A 277 VAC (Resistive) 85°C_| 10,000
GBQEIA | 51024 VDC |32 A277 VAC (Resistive) 40°C | 50,000 "G6QE1A | 5, 12,24 VDC | 32 A 277 VAC (Resistive) 40°C | 50,000
G6QE-1A | 51024 VDC |30 A277 VAC (Resistive) 40°C | 100,000 GBQE-1A | 5, 12,24 VDC | 30 A 277 VAC (Resistive) 40°C | 100,000
EN/IEC, TOV Certified: /A (Cerlificate No.R60407379)
Number of
Model Coll ratings Contact ratings. test
operations
GOQE-1A | 5, 12,24 VDC |36 A 277 VAC (cos=1) 85°C 10,000
GBQE-1A | 5,12, 24 VDC | 32 A 277 VAC (coso=1) 40°C 50,000
GQE-1A | 5,12,24VDC |30 A277 VAC (coso-1) 40°C 100,000

Precautions

* Please refer to "PCB Relays Common Precautions" for correct use.

Correct Use

® Coil Voltage Reduction (Holding Voltage) after Relay
Operation

« If the coil voltage is reduced to the holding voltage after Relay
operation, first apply the rated voltage 1o the coil for at least
100 ms, as shown below.

* A voltage of at least 35% of the rated voltage is required for
the coil holding voltage. Do not allow voltage fluctuations to
cause the coil holding voltage to fall below this level.

@ Other Precautions

* This Relay is suitable for power load switching of air-
conditioning compressors and power supplies, etc. Do not use
this Relay to switch micro loads less than 100 mA, such as in
signal applications.

100%
(Rated voitage)

(Hol’auv_] voliage) .

. i, i
100ms min.

Power

lied coil voﬂag% Cail resistance* conatimption

Rated voltage 100% | 17.90 (5VDC) | Approx. 1400 mW
n pm 1102.9Q (12 VDC) :
Holding voltage 35% 411.4Q (24 VvDC) | Approx. 172 mW

* The coil resistance were measured at a coil temperature of 23°C with

tolerances of + 10%

moo®
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@ MEGA : 40x40x10mm
Ll 4.0 construction:
3 35 = m Glass Fiberrein forced plastic;
%30 - Impeller and housing PBT are UL
E25 [ 94V-0 rating
g 20E= N Vs OPERATING TEMPERATURE:
218 \2' Sleeve bearing-10Cto +70C
E 1.0' \L INSULATION RESISTANCE:
€08 -/ 10meg Ohm min, at 500 VDG
0.08t il “..\.. LN frame and terminal)
CE@ndhs 1 2'°A,,;";fw(c‘,'ﬂ, 50 80 70 || piE(ECTRIC STRENGTH:
5mA max, at 500 VAC 60Hz one minute
(between frame and terminal)
specifications Carton Specifications (Unit: cm):44x22x22  QTY:1000pcs GW:12.95K g
Model Bearing Rated Voltage Operation Voltage Current  Speed  Air Flow Static Pressure Noise Level Weight
Type VDC VDC A RPM CFM mmH0 dBA g
Mega-FA010HS05  Sleeve 5 4.5-5.5 0.24 6000 6.40 331 26.26 12.2
Mega-F4010MS05  Sleeve 5 4.5-5.5 0.18 5400 5.62 291 24.87 12.2
Mega-F4010LS05 Sleeve 5 4.5-5.5 0.12 4200 4.48 232 21.13 12.2
Mega-F4010HBOS Ball 5 4.5-5.5 0.24 6000 6.40 3.31 26.26 122
Mega-F4010MBO05 Ball 5 4.5-5.5 0.18 5400 5.62 2.91 24.87 12.2
Mega-F4010LBOS Ball 5 4.5-5.5 0.12 4200 4.48 2.32 21.13 12.2
Mega-F4010HS Sleeve 12 10.8-13.2 0.10 6000 6.40 331 26.26 12.2
Mega-F4010MS Sleeve 12 10.8--13.2 0.08 5400 5.62 2.91 24.87 12.2
Mega-F4010LS Sleeve 12 10.8-13.2 0.06 4200 4.48 232 21.13 12.2
Mega-F4010HB Ball 12 10.8-13.2 0.10 6000 6.40 331 26.26 12.2
Mega-F4010MB Ball 12 10.8-13.2 0.08 5400 5.62 291 24.87 12.2
Mega-F4010LB Ball 12 10.8-13.2 0.06 4200 4.48 232 21.13 122

11
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1. General description

The PCA8574/74A provides general-purpose remote |/O expansion via the two-wire
bidirectional 12C-bus (serial clock (SCL), serial data (SDA)).

The devices consist of eight quasi-bidirectional ports, 400 kHz 12C-bus interface, three
hardware address inputs and interrupt output operating between 2.3V and 5.5V. The
quasi-bidirectional port can be independently assigned as an input to monitor interrupt
status or keypads, or as an output to activate indicator devices such as LEDs. The system
master can read from the input port or write to the output port through a single register.

The low current consumption of 4.5 1A (typical, static) is great for mobile applications and
the latched output ports have 25 mA high current sink drive capability for directly driving
LEDs.

The PCA8574 and PCA8574A are identical, except for the different fixed portion of the
slave address. The three hardware address pins allow eight of each device to be on the
same 12C-bus, so there can be up to 16 of these I/O expanders PCA8574/74A together on
the same 12C-bus, supporting up to 128 1/Os (for example, 128 LEDs).

The active LOW open-drain interrupt output (Nf) can be connected to the interrupt logic
of the microcontroller and is activated when any input state differs from its corresponding
input port register state. It is used to indicate to the microcontroller that an input state has
changed and the device needs to be interrogated without the microcontroller continuously
polling the input register via the 1°C-bus.

The internal Power-On Reset (POR) initializes the |/Os as inputs with a weak internal
pull-up 100 pA current source.

2. Features and benefits

B |2C-bus to parallel port expander
B 400 kHz 12C-bus interface (Fast-mode [2C-bus)
Operating supply voltage 2.3 V to 5.5 V with 5.5 V tolerant 1/Os held to Vpy with
100 pA current source
8-bit remote 1/O pins that default to inputs at power-up
Latched outputs with 25 mA sink capability for directly driving LEDs
Total package sink capability of 200 mA
Active LOW open-drain interrupt output
Eight programmable slave addresses using three address pins
Low standby current (4.5 pA typical)
40 °C to +85 °C operation
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B ESD protection exceeds 2000 V HBM per JESD22-A114 and 1000 V CDM per
JESD22-C101

B [atch-up testing is done to JEDEC standard JESD78 which exceeds 100 mA
B Packages offered: SO16, TSSOP16, SSOP20

3. Apglications

LED signs and displays

Servers

Key pads

Industrial control

Medical equipment

PLCs

Cellular telephones

Mobile devices

Gaming machines

Instrumentation and test measurement

4. Ordering information

Table 1.  Ordering information

Type number  Topside mark 'Package A [ =/, 1l

| Name Description \Version
PCA8574Dl! PCA8574D SO16 plastic small outline package; 16 leads; body width 7.5 mm  SOT162-1
PCA8574ADIZ  PCA8574AD
PCA8574PW PCA8574 TSSOP16  plastic thin shrink small outline package; 16 leads; SOT403-1
PCAS574APW  PAS574A BOEY Wit
PCA8574TSLE PCA8574 SS0P20 plastic shrink small outline package; 20 leads; S0T266-1
PCAB574ATSI  PAS5T4A body width 4.4 mm

[1] PCA8574D drop-in replacement for PCF8574T/3

[2] PCA8574AD drop-in replacement for PCF8574AT/3.
[3] PCA8574TS drop-in replacement for PCF8574TS/3.
[4] PCA8574A1S drop-in replacement for PCF8574ATS/3

PCA8574_PCAB5T4A Al information provided in this document is subject to legal disclaimers © NXP BV, 2013 All rights reserved.
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4.1 Ordering options

Table 2.  Ordering options
Type number Orderable Package Packing method Minimum Temperature range
part number order
quantity
PCA8574D PCA8574D,512 SO16 Standard marking * tube dry pack 1920 Tamp = ~40 °C to +85 °C
PCA8574D,518 SO16 Reel 13" Q1/T1 1000 Tamp = —40 °C to +85 °C
*standard mark SMD dry pack
PCA8574AD  PCA8574AD,512 SO16 Standard marking * tube dry pack 1920 Tamp =—40 °C to +85 °C
PCA8574AD,518 SO16 Reel 13" Q1/T1 1000 Tamb = —40 °C to +85 °C
*standard mark SMD dry pack
PCA8574PW  PCAB8574PW,112 TSSOP16 Standard marking 2400 Tamb = —40 °C to +85 °C
*IC’s tube - DSC bulk pack
PCA8574PW,118 TSSOP16 Reel 13" Q1/T1 2500 Tamb = —40 °C to +85 °C
*standard mark SMD
PCA8574APW PCA8574APW,112 TSSOP16 Standard marking 2400 Tamp = —40 °C to +85 °C
*IC's tube - DSC bulk pack
PCA8574APW,118 TSSOP16 Reel 13" Q1/T1 2500 Tamp =—40 °C to +85 °C
*standard mark SMD
PCA8574TS PCA8574TS,112 SSOP20  Standard marking 1350 Tamp =40 °C to +85 °C
* IC's tube - DSC bulk pack
PCA8574TS,118  SSOP20  Reel 13" Q1/T1 2500 Tamb = -40 °C to +85 °C
*standard mark SMD
PCAB574ATS PCAB574ATS,112 SSOP20  Standard marking 1350 Tamp = 40 °C to +85 °C
*IC’s tube - DSC bulk pack
PCAB574ATS,118 SSOP20  Reel 13" Q1/T1 2500 Tamp = —40 °C to +85 °C
*standard mark SMD
5. Block diagram
PCA8574
PCA8574A
INTERRUPT
INT LP FILTER L0GIC ~—‘
AO
M
v Al
e
SCL INPUT 126-BUs [7| . SHIFT (e ] < 1O |
Ba FILTER ["| conTroL |, |REGISTER\BEBUS A poRT () poto P7
L‘____
oy
write pulse T
read pulse
Vss —1—
002aac677
Fig 1. Block diagram

PCA8574_PCAB5T4A
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ite pulse —>——— lon Yo
wiite pulse ik
=
let(puy
data from Shift Register D Q 1
b ! [Jrotwer
+—Cl J loL
S —J":} iy
pou reset ! |_ Vss
D Q
FF
read pulse +;):>— cl :

| Y rd~— ]|
data to Shift Register | —)D—’ 10 Interrupt logic

002aah521

Fig 2. Simplified schematic diagram of P0 to P7

6. Pinning information

6.1 Pinning
| wr 1] [20] p7
| scL % O [19] p6
(o | ‘
A0 116] Voo A0 [1] 116] Voo | 0 [3 [18] n.c.
A1 [2 [15] sbA A1 [Z] O [15] sba | sba [4] [17] ps
A2 (3] (4] scL | a2 (3] [14] scL ‘ Vpp [5] PCA8574TS [16] P4
Po[4] | pcAss74D [W]WT | Po[4]  pcass7apw [T | A0[E]  PCASSTAATS  [5] vss
p1 5| | PCABS74AD  [17] p7 | P1[5]| PCA8ST4APW  [12]p7 | A1 [T] [14] P3
' P2 6| [11] P6 | p2[5] ] ee | onc [B] [13] n.c.
P3 [7] [ojps | P3[7] 0] ps | A2[9 [12] P2
vss [8] 9] Pa Vss [8 [ 9] P4 Po [10] [11] p1
00223678 ‘ 002230941 | 002:ac630
Fig 3. Pin configuration for SO16 | Fig4. Pin configuration for Fig 5. Pin configuration for
! TSSOP16 | SSOP20
PCA3574_PCAB5T4A L e in this document is subject to legal disclaimers ® NXP B V. 2013 All rights reserved
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The last bit of the first byte defines the operation to be performed. When set to logic 1 a
read is selected, while a logic 0 selects a write operation (write operation is shown in

Figure 6).

Address maps

The PCA8574 and PCA8574A are functionally the same, but have a different fixed portion
(A6 to A3) of the slave address. This allows eight of the PCA8574 and eight of the
PCAB8574A to be on the same 12C-bus without address conflict.

Table4. PCA8574 address map
Pin connectivity Address of PCA8574 [Address byte value 7-bit

Product data sheet

A2 | A1  AD A6 A5|A4 A3 A2 A1 A0 |RW Write | Reag hexadecimal

| | [ address__

‘ ‘ ! ‘ | without RIW
Vie Vo Vallho=1 ~0 0=—J0) 0 H0 - 40h 41h 20h
Ves: VllpVoJG =1 |0 0, U0F~OqRi_ - 42h 43h 21h
Vss: VapB VN6, 74/ | 0NNe OB I a_ - 44h 45h 22h
Vs Vo Vif 0c /1080 \Opo0NJ1 W1 - 46h 47h 23h
N Vs tUes /0" A U0 \O_ M gpld 07 ™ 48h 49h 24h
b A ea \Va 0 /B0E68 0 9 0/ N1 4Ah 4Bh 25h
Vog Vorwves ao/ 1AMl oa Dol B 4ch 4Dh 26h
Vdn VoB 7 Vish B0 <0000 T b\ U o 4Eh 4Fh 27h

Table 5. PCAB8574A address map

Pin connectivity ’ Address of PCA8574A Address byte value 7-bit

A2 A1 A0 A6 A5 A4 A3 A2 A1 AD [RW  Write Read  hexadecimal

i address__

! | 1 i without RIW
Vel Voo WWSNEQSSSMDIERELANT Mo, - 70h 71h 38h
Ves W WELEQOITT 1 A110050) 4 19- 72h 73h 3%h
Ve Voo GRS TOR T g 107 0 414 74h 75h 3Ah
YA Vou VIRI0L 1 1 B It WA - 76h 77h 3Bh
Voo Vis. a0\ AP gl 1 AR50y 0/ - 78h 7%h 3Ch
Voo BV e 50 | & St (12,007 & 7Ah 7Bh 3Dh
Vo Voo Vel 1 1 T \iBD)) 0. 7Ch 7Dh 3Eh
Voo. Vol Voot 0l € L1901 - 7Eh 7Fh 3Fh

T ——— —

Rev. 3 — 3 June 2013 6 of 32
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Vop
Input HIGH [
weak 100 pA
ull-up with current source
Ll V"DD A (racite whon £ output HIGH
external drive HIGH outout LOW)
accelerator
P port pull-up

P7- PO
pull-down with

resistor o Vgg or
external drive LOW

input LOW

:1_ output LOW

Fig 7. Simple quasi-bidirectional I/O

8.2 Writing to the port (Output mode)

Vss
= 0022ah633

The master (microcontroller) sends the START condition and slave address setting the

last bit of the address byte to logic 0 for the write mode. The PCA8574/74A acknowledges
and the master then sends the data byte for P7 to PO to the port register. As the clock line
goes HIGH, the 8-bit data is presented on the port lines after it has been acknowledged by
the PCA8574/74A. If a LOW is written, the strong pull-down turns on and stays on. If a
HIGH is written, the strong pull-up turns on for % of the clock cycle, then the line is held

HIGH by the weak current source. The master can then send a STOP or ReSTART
condition or continue sending data. The number of data bytes that can be sent
successively is not limited and the previous data is overwritten every time a data byte has

been sent and acknowledged.

Ensure a logic 1 is written for any port that is being used as an input to ensure the strong

external pull-down is turned off.

AN - -
slave address datal data 2
T T T T T T T T T T T T T T T T T T T T
soA['s [a6 as a4 a3 a2 a1 a0 0 | [P ps 1 pa s P2 p1 pof a[e7 e o P4 pa b2 P pof 4]
1 S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 4
START condition RIW PS \ ; PS5 acknowledge
acknowledge acknowledge from slave
from slave from slave
write to port “\ r\
— | 5 v(Q) & _4r—to)
data output from port I DATA 1 VALID Y DATA2VALID
P5 output voltage \' N \
v I/ \ “\‘
P5 pull-up output current ltipu) q L \ i
T =l S
S
NT f—
trstINT)— [ 002220623
Fig8. Write mode (output)
PCA2574_PCAB574A Al information provided in this document is subject to legal disclaimers. ® NXP B V. 2013 All rights reserved
Product data sheet Rev. 3 — 3 June 2013 8 of 32
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SDA
SCL T I ] ] ]
MASTER SLAVE SUAVE MASTER MASTER 12C-BUS
TRANSMITTER/ TRANSMITTER/ TRANSMITTER/
RECEIVER JESEIVER RECEIVER TRANSMITTER EECEN MULTIPLEXER

SLAVE liaiad

002aaad66

Fig 13. System configuration

PCAR574_PCAB5T4A

Product data sheet

9.3 Acknowledge

The number of data bytes transferred between the START and the STOP conditions from
transmitter to receiver is not limited. Each byte of eight bits is followed by one
acknowledge bit (see Figure 14). The acknowledge bit is an active LOW level (generated
by the receiving device) that indicates to the transmitter that the data transfer was
successful.

A slave receiver which is addressed must generate an acknowledge after the reception of
each byte. Also a master must generate an acknowledge after the reception of each byte
that has been clocked out of the slave transmitter. The device that wants to issue an
acknowledge bit has to pull down the SDA line during the acknowledge clock pulse, so
that the SDA line is stable LOW during the HIGH period of the acknowledge bit related
clock pulse; set-up and hold times must be taken into account.

A master receiver must signal an end of data to the transmitter by not generating an
acknowledge on the last byte that has been clocked out of the slave. In this event, the
transmitter must leave the data line HIGH to enable the master to generate a STOP
condition.

9
data output | X: = X
QRETY S (50 7 I oY
| | not acknowledge S
dataoutput T | =
by receiver 1
1| acknowledge
SCL from master I 1 2 M
L?J clock pulse for —T
START acknowledgement
condition 0022aa987
Fig 14. Acknowledgement on the I12C-bus
Al information pravided in this document is subject to legal disclaimers ® NXP B V. 2013 All ights reserved

Rev. 3 — 3 June 2013 12 of 32
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10. Application design-in information

10.1 Bidirectional I/O expander applications

In the 8-bit I/O expander application shown in Figure 15, PO and P1 are inputs, and

P2 to P7 are outputs. When used in this configuration, during a write, the input (P0 and
P1) must be written as HIGH so the external devices fully control the input ports.
The desired HIGH or LOW logic levels may be written to the ports used as outputs (P2 to
P7). If 10 pA internal output HIGH is not enough current source, the port needs external
pull-up resistor. During a read, the logic levels of the external devices driving the input
ports (PO and P1) and the previous written logic level to the output ports (P2 to P7) will be
read.

The GPIO also has an interrupt line (ﬁ) that can be connected to the interrupt logic of
the microcontroller. By sending an interrupt signal on this line, the remote 1/O informs the
microprocessor that there has been a change of data on its ports without having to
communicate via the 1°C-bus.

J Voo
DD
Vop
[ eV z
SDA PO f«— temperature sensor
GORE SCL P1J+— battery status

PROCESSOR INT P2 |—» control for fatch

P3 — control for switch

P4 }—» control for audio

—] A0 P5 — control for camera
+— Al P6 |—» control for MP3
— A2

77 /J'/

002aah625

Fig 15. Bidirectional I/O expander application

10.2 How to read and write to I/O expander (example)

PCA8574_PCAB5T4A

In the application example of PCA8574 shown in Figure 15, the microcontroller wants to
control the P3 switch ON and the P7 LED ON when the temperature sensor PO changes.

1. When the system power on:
Core Processor needs to issue an initial command to set PO and P1 as inputs and
P[7:2] as outputs with value 1010 00 (LED off, MP3 off, camera on, audio off,
switch off and latch off).

2. Operation:
When the temperature changes above the threshold, the temperature sensor signal
will toggle from HIGH to LOW. The INT will be activated and notifies the ‘core

processor’ that there have been changes on the input pins. Read the input register.
If PO = O (temperature sensor has changed), then turn on LED and turn on switch.

3. Software code:

/System Power on
// write to PCA8574 with data 1010 0011b to set P[7:2] outputs and P[1:0] inputs
<8> <0100 0000> <ACK> <1010 0011> <ACK> <P>//Initial setting for

Al information provided in this document is subject to legal disclaimers © NXP BV, 2013 All rights reserved.
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while (INT == 1); //Monitor the interrupt pin. If INT = 1 do nothing
//When INT = 0 then read input ports

<8> <slave address read> <ACK> <1010 0010> <NACK> <P> //Read PCA8574 data
If (P0 == 0) //Temperature sensor activated

/| write to PCA8574 with data 0010 1011b to turn on LED (P7), on Switch (P3)

and keep P ) as input ports.

<8> <0100 0000> <ACK> <0010 1011> <ACK> <P> // Write to PCAB574

10.3 High current-drive load applications

The GPIO has a minimum guaranteed sinking current of 25 mA per bit at4.5 V. In
applications requiring additional drive, two port pins may be connected together to sink up
to 50 mA current. Both bits must then always be turned on or off together. Up to 8 pins can
be connected together to drive 200 mA, which is the device recommended total limit.
Each pin needs its own limiting resistor as shown in Figure 16 to prevent damage to the
device should all ports not be turned on at the same time.

Vbp
J V[‘m Voo
i SDA PO je—s
CORE SCL P
PROCESSOR T P2 fe—sr
A [
Pd fe—sr
—1 0 P5 fe—s
a1 P6f——
. ) Prf—
e /J7

002aah472

Fig 16. High current-drive load application

10.4 Migration path

NXP offers newer, more capable drop-in replacements for the PCF8574/74A in newer
space-saving packages.

Table 6.  Migration path

Type number 12C-bus Voltage range Number of Interrupt Reset  Total package
frequency addresses sink current
per device

PCF8574/74A 100 kHz 25Vto6V 8 yes no 80 mA
PCAB574/74A 400 kHz 23Vto55V 8 yes no 200 mA
PCAS674/74A 1 MHz Fm+ 23Vto55V 64 yes no 200 mA
PCA9670 1 MHz Fm+ 23Vito 55V 64 no yes 200 mA
PCAS672 1 MHz Fm+ 23Vto55V 16 yes yes 200 mA

PCA9670 replaces the interrupt output of the PCA9674 with a hardware reset input to
retain the maximum number of addresses. The PCAS672 replaces address A2 of the
PCA9674 with a hardware reset input to retain the interrupt, but limit the number of
addresses.

Al information provided in this document is subject to legal disclaimers © NXP BV, 2013 All rights reserved.
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11. Limiting values

Table 7. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol  Parameter Conditions Min Max Unit

Voo supply voltage -05 +6 \4

lop supply current - +100 mA

lss ground supply current - +400 mA

V, input voltage Vgs—-05 55 \

Iy input current - +20 mA

lo output current . +50 mA

Pot total power dissipation - 400 mwW

Plout power dissipation per output - 100 mwW

Timax) maximum junction temperature - 125 °C

Tsig storage temperature -85 +150 °C

Tamp ambient temperature operating 40 +85 °Cc

[1] Total package (maximum) output current is 400 mA.

12. Thermal characteristics

Table 8. Thermal characteristics

Symbol Parameter Conditions Typ Unit

Ringa) thermal resistance from junction ~ SO16 package 115 °CIW
toambient TSSOP16 package 160 CIW

SSOP20 package 136 °CIW
PCAST4_PCASSTAA Ailintormation provided in this document is subject to legal disclaimers © NXP BV, 2013, All sghts reservad
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13. Static characteristics
Table 9.  Static characteristics
Vop=23V105.5V; Vss=0V; Tanp =40 < to +85 C; unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Unit
Supplies
Voo supply voltage 2:3 - 55 \Y
lbp supply current Operating mode; no load; - 200 500 uA
Vi = Vpp or Vss; fscL = 400 kHz;
A0, A1, A2 = staticH or L
len standby current Standby mode; no load; - 45 10 pA
V= Vpp or Vss; fscL = 0 kHz
Vpor power-on reset voltage - 1.8 2.0 \%
Input SCL; input/output SDA
Vi LOW-level input voltage 0.5 - +0.3Vpp V
Vin HIGH-level input voltage 0.7Vpp - 5% V
lor LOW-level output current VoL =04 V; Vpp =23V 20 35 - mA
Vor =04 V; Vpp =3.0V 25 44 - mA
VoL =04V, Vpp =45V 30 57 - mA
I leakage current Vi =VpporVgs -1 - +1 pA
Ci input capacitance V| =Vss - 5 10 pF
1/Os; PO to P7
Vi LOW-level input voltage -0.5 - +0.3Vpp V
Vin HIGH-level input voltage 0.7Vpp - 56 Vv
loL LOW-level output current VoL=05V;Vpp =23V 212 26 - mA
VoL =05V, Vpp =3.0V 217 33 - mA
VoL =05V, Vpp =45V 2 25 40 - mA
loLgot) total LOW-level output current Vg =0.5V; Vpp =4.5V @ - - 200 mA
lon HIGH-level output current Vou = Vss -30 -138 -300 A
It(pu) transient boosted pull-up current Vo = Vsg; see Figure 8 -05 -1.0 - mA
Ci input capacitance Bl - 21 10 pF
Co output capacitance Bl - 2,3 10 pF
Interrupt INT (see Figure 8 and Figure 9)
lor LOW-level output current VoL =04V 3.0 - - mA
Co output capacitance - 3 5 pF
Inputs A0, A1, A2
Vi LOW-level input voltage 0.5 - +0.3Vpp V
Vi HIGH-level input voltage 0.7Vpp - 55 Vv
I input leakage current -1 - +1 vA
G input capacitance - 3.5 5 pF

(1
[2]
[3]

PCA8574_PCAB5T4A

The power-on reset circuit resets the 12C-bus logic with Vpp < Vpor and sets all 1/0s to logic 1 (with current source to Vpp)

Each bit must be limited lo a maximum of 25 mA and the total package limited to 200 mA due to internal busing limits.

The value is not tested, but verified on sampling basis.

Alinformation provided in this document is subject to legal disclaimers
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14. Dynamic characteristics

Table 10. Dynamic characteristics

Vpp=23V105.5V: Vss =0V Tanp = -40 < to +85 C; unless otherwise specified. Limits are for Fast-mode I°C-bus.

Symbol Parameter Conditions
fscl SCL clock frequency
tsue bus free time between a STOP and START

condition

thp;sTA hold time (repeated) START condition
tsusTa set-up time for a repeated START condition
tsu;sTo set-up time for STOP condition

tHp;DAT data hold time

tvp.ack data valid acknowledge time

typ.pat data valid time

tsu:par  data set-up time

tiow LOW period of the SCL clock

thicH HIGH period of the SCL clock

tr fall time of both SDA and SCL signals
t; rise time of both SDA and SCL signals
tsp pulse width of spikes that must be

suppressed by the input filter
Port timing; C_ < 100 pF (see Figure 8 and Figure 9)

tyaq) data output valid time

tsup) data input set-up time

tho) data input hold time

Interrupt timing; C_ <100 pF (see Figure 8 and Figure 9)

tunm valid time on pin INT from port to INT
trsyin) reset time on pin INT from SCL to INT

[1]  typ-ack = time for Acknowledgement signal from SCL. LOW to SDA (out) LOW.
[2] typ.par = minimum time for SDA data out to be valid following SCL LOW.

Min
0
1.3

06
06

06

0

0.1

50

100

13

06

20 +0.1C,5l
20 +0.1Cy8l

Typ

Max Unit
400 kHz
4 us
- us
- us
- us
- ns
0.9 us
- ns
- ns
- us
“ us
300 ns
300 ns
50 ns
4 us
- us
- us
4 us
4 us

[3] A master device must intemally provide a hold time of at least 300 ns for the SDA signal (refer to the Vy_of the SCL signal) in order to

bridge the undefined region SCL’s falling edge.

[4] The maximum t; for the SDA and SCL bus lines is specified at 300 ns. The maximum fall time for the SDA output stage {; is specified at
250 ns. This allows series protection resistors to be connected between the SDA and the SCL pins and the SDA/SCL bus lines without

exceeding the maximum specified t;
[5] Cy = total capacilance of one bus line in pF.
[6] Input filters on the SDA and SCL inputs suppress noise spikes less than 50 ns.
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15. Package outline

Remote 8-bit I/O expander for 12C-bus with interrupt

S016: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
D £ {A]
L .
T ~
r } —EP_/" N ‘/-
| LS '\ '
c ——‘—(— /
o -t
Lom e =Ty
——-]Z
18 9
|
0 5 10 mm
L L i " 1 i n J
scale
DIMENSIONS (inch are derived from the original mm
A
uniT | o AL | A2 | A | by ¢ [DO| EM| e | He td| | a v w y | zV]| o
03 | 245 049 | 032 | 105 | 7.6 10.65 R IEE, 0.9
mm | 285 | o | 225/ %25 | 036 | 023 | 101 | 7.4 | %27 [1000| 4 | 04 | 10 [025) 025 | 01 | o |
o
0.012 | 0.096 0.019 0.013 | 0.41 | 0.30 0.419 0.043 | 0.043 0035 ©
k
inches | 011 5 004 | 0.089 | %1 | 0014 | 0,009 | 0.40 | 029 | O% | o:aea | 955 | 0015 | 0.039 | 0O | 001 | 00045 0g
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION \EC JEDEC JEITA PROJECTION
99-12-27
SOT162-1 075£03 MS-013 =3 & B4t

Fig 18. Package outline SOT162-1 (SO16)
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Remote 8-bit I/O expander for 12C-bus with interrupt

TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm SOT403-1
D [ E——p—]A]
. | N%
4 \
ch—J/ — /
—— ¥ .
Ol He
*-] z
16 9
1
| 1
| i
| [ Q
A
_______l_____ B A‘2A1 ¥ {{j A
pin 1 index —
O/ | } : ¥ +0
i
| <Ly 7
ENELE VIV
| 8
: S
0 25 5 mm
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | 2| A1 | A2 | As | bp c b | E@| e He L Lp Q v w y zM| o
0.15 | 0.95 030 | 02 | 51 | 45 66 075 | 04 0.40 | 8°
mm | 11 605 | 080 [ 925 |49 | 01 | a9 | 43 || 62 | T |o0s0| 03 | %2 (%3] %' | 0| o°
Notes
1. Plastic or metal p of 0.15mm i per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION G JEGEC = PROJECTION | ISSUEDATE
S0T403-1 MO-153 =3 i

Fig 19. Package outline SOT403-1 (TSSOP16)
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Remote 8-bit I/O expander for 12C-bus with interrupt

78

SSO0P20: plastic shrink small outline package; 20 leads; body width 4.4 mm S0T266-1
D { E {a] ]
| i, X
- ! | ! = \\)
1 l i 1
ilnialalninlaiatnial a4y et /
N o [ i
oly] He =[v@[A]
...Iz
20 ‘ 11
- |
: !
| P\g) Lis2ck @)
A [
AT Ve 9 A A Fa | 1] e l
| oo
wanl 3 l. =
IEEEEEEEE ail!
1 ! 10
- detail X
| ~L@re e
e p
0 25 5mm
scale
DIMENSIONS (mm are the original dimensions)
A 1
UNIT | e | A1 | A2 | As | by c | oM | EM| e Hg L Ly Q v w y |z o
015 | 1.4 032 [ 020 | 66 | 45 6.6 0.75 | 065 0.48 | 10°
mm |5 T 12 | 925 | 020 | 013 | 64 | 43 [ %% | 62 [ T | 045|045 | ®2 |01 | 01 | gig | oo
Note
1. Plastic or metal protrusions of 0.20 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION \EC JEDEC JEITA PROJECTION FSSUEDATE
99-12-27-
50T266-1 MO-152 =36 o

Fig 20. Package outline SOT266-1 (SSOP20)
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NXP Semiconductors PCA8574, PCA87574A

Remote 8-bit I/O expander for 12C-bus with interrupt

16. Handling information

All input and output pins are protected against ElectroStatic Discharge (ESD) under
normal handling. When handling ensure that the appropriate precautions are taken as
described in JESD625-A or equivalent standards.

17. Soldering of SMD packages

171

172

This text provides a very brief insight into a complex technology. A more in-depth account
of soldering ICs can be found in Application Note AN710365 “Surface mount reflow
soldering description”.

Introduction to soldering

Soldering is one of the most common methods through which packages are attached to
Printed Circuit Boards (PCBs), to form electrical circuits. The soldered joint provides both
the mechanical and the electrical connection. There is no single soldering method that is
ideal for all IC packages. Wave soldering is often preferred when through-hole and
Surface Mount Devices (SMDs) are mixed on one printed wiring board; however, it is not
suitable for fine pitch SMDs. Reflow soldering is ideal for the small pitches and high
densities that come with increased miniaturization.

Wave and reflow soldering
Wave soldering is a joining technology in which the joints are made by solder coming from
a standing wave of liquid solder. The wave soldering process is suitable for the following:
* Through-hole components
* Leaded or leadless SMDs, which are glued to the surface of the printed circuit board
Not all SMDs can be wave soldered. Packages with solder balls, and some leadless
packages which have solder lands underneath the body, cannot be wave soldered. Also,

leaded SMDs with leads having a pitch smaller than ~0.6 mm cannot be wave soldered,
due to an increased probability of bridging.

The reflow soldering process involves applying solder paste to a board, followed by
component placement and exposure to a temperature profile. Leaded packages,
packages with solder balls, and leadless packages are all reflow solderable.

Key characteristics in both wave and reflow soldering are:

* Board specifications, including the board finish, solder masks and vias
* Package footprints, including solder thieves and orientation

* The moisture sensitivity level of the packages

* Package placement

* Inspection and repair

* Lead-free soldering versus SnPb soldering

17.3 Wave soldering

PCASSTA_PCAISTAA
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Remote 8-bit I/O expander for 12C-bus with interrupt

* Process issues, such as application of adhesive and flux, clinching of leads, board
transport, the solder wave parameters, and the time during which components are
exposed to the wave

* Solder bath specifications, including temperature and impurities

17.4 Reflow soldering

Key characteristics in reflow soldering are:

* Lead-free versus SnPb soldering; note that a lead-free reflow process usually leads to
higher minimum peak temperatures (see Figure 21) than a SnPb process, thus
reducing the process window

* Solder paste printing issues including smearing, release, and adjusting the process
window for a mix of large and small components on one board

* Reflow temperature profile; this profile includes preheat, reflow (in which the board is
heated to the peak temperature) and cooling down. It is imperative that the peak
temperature is high enough for the solder to make reliable solder joints (a solder paste
characteristic). In addition, the peak temperature must be low enough that the
packages and/or boards are not damaged. The peak temperature of the package
depends on package thickness and volume and is classified in accordance with
Table 11 and 12

Table 11. SnPb eutectic process (from J-STD-020D)

Package thickness (mm) Package reflow temperature (°C)
Volume (mm?)

<350 2350
<25 235 220
>25 220 220

Table 12. Lead-free process (from J-STD-020D)
Package thickness (mm) Package reflow temperature (°C)
Volume (mm?)

<350 ~ 1350 to 2000 >2000
<16 260 260 260
16t02.5 260 250 245
>25 250 245 245

Moisture sensitivity precautions, as indicated on the packing, must be respected at all
times.

Studies have shown that small packages reach higher temperatures during reflow
soldering, see Figure 21.
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18. Soldering: PCB footprints

Remote 8-bit /0O expander for 12C-bus with interrupt

Footprint information for reflow soldering of SO16 package S0T162-1
Hx
Gx
- P2
4| (0. 125)—>| (0.125)
Lo et T i I ¥ o= J e —
7 A - 1 ' H
A g :
1 i
i 1 i i ' I | ‘
ol . el 4 =
1 1
1 '
1 )
1 '
| '
1 4
Hy Gy | ' By Ay
| :
1 1
' '
I '
1 1
——m el e f" % et leg——
i :-. / i
|
Lidididdid g
—j -1702(“) I—Pl—-l D1
Generic footprint pattern
Refer to the package outline drawing for actual layout
v
//A solder land
-~--= occupied area
DIMENSIONS in mm
P1 P2 Ay By c D1 D2 Gx Gy Hx Hy
1.270 1.320 11.200 6.400 2400 0.700 0.800 10.040 8.600 11.900 11.450 o162 1.1

Fig 22. PCB footprint for SOT162-1 (SO16); reflow soldering
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Remote 8-bit I/O expander for 12C-bus with interrupt

Footprint information for reflow soldering of TSSOP16 package SOT403-1
Hx
Gx
P2
l’ ;l (0.125) —-l l— (0.125)

7 g A a g A

WA -- '. :1 :: :; .- -:

:%5 i%i Ei ii :g % ;: EE i:

Hy Gy Loey Ay
= ':i"':i"ii"i A g g
c g g
B SRR AT S
—J LDz(Ax) LmJ JLm
Generic footprint pattern
Refer to the package outline drawing for actual layout
solder land
-~~~ occupied area

DIMENSIONS in mm
P1 P2 Ay By C Di D2 Gx Gy Hx Hy
0.650 0750 7.200 4.500 1.350 0.400 0.600 5.600 5.300 5.800 7.450 S0t03-1_fr

Fig 23. PCB footprint for SOT403-1 (TSSOP16); reflow soldering
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Remote 8-bit /0O expander for I2C-bus with interrupt

Footprint information for reflow soldering of SSOP20 package

S0T266-1
Hx
Gx
I*PZ*I (0. 125) (0.125)
_________________________________________ 1
aarnan \
o %
i %
V0
: %4 % // o, S
Hy Gy By Ay
// // / /? //
// //
/ // // / l
B B e R DU R L Gl = & = A8 AL 1t < o YL B o I B = S
» -—02(4) J P1 L
% solder land
--- Occupied area
DIMENSIONS In mm
P1 P2 Ay By c D1 D2 Gx Gy Hx Hy.
0.650 0.750 7.200 4.500 1.350 0400 0.600 6.900 5.300 7.300 7.450 IR

Fig 24. PCB footprint for SOT266-1 (SSOP20); reflow soldering
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19. Abbreviations

Remote 8-bit I/O expander for 12C-bus with interrupt

Table 13. Abbreviations

Acronym Description

CDM Charged-Device Model

CMOS Complementary Metal Oxide Semiconductor
ESD ElectroStatic Discharge

EF Flip-Flop

GPIO General Purpose Input/Output
HBM Human Body Model

l{e} Input/Output

12C-bus Inter-Integrated Circuit bus

IC Integrated Circuit

LED Light Emitting Diode

LP Low-Pass

LSB Least Significant Bit

MSB Most Significant Bit

PLC Programmable Logic Controller
POR Power-On Reset

SMBus System Management Bus

20. Revision history

Table 14. Revision history

Document ID Release date Data sheet status Change notice Supersedes
PCA8574_PCA8574A v.3 20130603 Product data sheet - PCA8574_PCA8574A v.2
Modifications: ® Section 1 “General description” re-written

PCA8574_PCAB5T4A

Section 2 “Features and benefits”

— added (new) first bullet item

— appended “(Fast-mode |1°C-bus)" to second bullet item

— added (new) third bullet item

— (new) fifth bullet item changed from “50 mA sink capability” to “25 mA sink capability”

— deleted (old) eighth bullet item, “Readable device ID (manufacturer, device type, and
revision)”

— 12th bullet item: deleted phrase “200 V MM per JESD22-A115"

— 14th bullet item: deleted “DIP16"

Table 1 “Ordering information”:

— deleted discontinued DIP16 package option (PCA8574N, PCA8574AN)

— Topside mark for PCA8574ATS corrected from “PCA8574A” to “PAB574A”

— added Table note [1], Table note [2], Table note [3] and Table note [4]

Added (new) Table 2 “Ordering options”

Figure 1 “Block diagram” modified: switched positions of blocks “INTERRUPT LOGIC" and
“LP FILTER”

Figure 2 “Simplified schematic diagram of PO to P7" modified: removed diode between
“Vpp” and “P0 to P7" signal lines

Alinformation provided in this document is subject to legal disclaimers © NXP BV. 2013 All ights reserved
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Remote 8-bit I/O expander for 12C-bus with interrupt

Table 14. Revision history .. continued

Document ID Release date Data sheet status Change notice Supersedes

Modifications: (continued) *

Section 6.1 “Pinning™
— deleted (old) Figure 3, “Pin configuration for DIP16”
— pin names changed from “ADO, AD1, AD2” to “A0, A1, A2", respectively

Section 6.2 “Pin description”: (old) Table 3, “Pin description for SO16, TSSOP16" and (old)
Table 4, “Pin description for SSOP20” are merged in (new) Table 3 “Pin description”

Section 7.1 “Device address” re-written

Section 7.1.1 “Address maps” re-written

Section 8.1 “Quasi-bidirectional I/Os” re-written

Section 8.2 “Writing to the port (Output mode)” re-written

Figure 8 “Write mode (output)™ timing measurement symbol corrected from “t<1)" to
SstanT)”

Section 8.3 “Reading from a port (Input mode)” re-written

Figure 9 “Read mode (input)”:

— timing measurement symbol corrected from “typ)” to “tygn1y”

— timing measurement symbol corrected from “ty;st)” to “trstant)”

Section 8.4 “Power-on reset”: second and third sentences re-written

Figure 9 “Read mode (input)” modified: corrected label from “data into port” to “data at port”

Section 8.5 “Interrupt output (INT)", fourth, fifth and sixth paragraphs re-written; added new
seventh paragraph

Figure 10 “Application of multiple PCA8574/74As with interrupt” updated
(changed from “device 8, PCA8574" to “device 16, PCA8574A")

Added (new) Section 10.2 “How to read and write to I/O expander (example)”
Section 10.3 “High current-drive load applications”:

— 1st sentence changed from “maximum sinking current of 25 mA per bit”
to “minimum guaranteed sinking current of 25 mA per bitat 4.5 V"

— 4th sentence changed from “device total limit” to “device recommended total limit”

Figure 16 “High current-drive load application” modified: added resistor on P6 and P7 signal
lines

Added (new) Section 10.4 “Migration path”
Table 7 “Limiting values”: added T nay) limits
Added Section 12 “Thermal characteristics”

Table 9 “Static characteristics”, sub-section “I/Os; PO to P7": added V), and V4
characteristics

Table 10 “Dynamic characteristics”, sub-section “Interrupt timing”™
— symbol/parameter corrected from “tp), data input valid time”
to “tygn), valid time on pin INT”
— symbol/parameter corrected from “ty;), reset delay time”
to “trstnt), reset time on pin INT”
Figure 17 “I2C-bus timing diagram” updated: added 0.3 x Vpp and 0.7 x Vpp reference lines
Deleted (old) Figure 18, “Package outline SOT38-1 (DIP16)"
Updated soldering information
Added Section 18 “Soldering: PCB footprints”

PCA8574_PCA8574A v.2 20070514 Product data sheet - PCA8574_PCA8574A v.1
PCA8574_PCA8574A v.1 20070117 Product data sheet - -
PCA2574_PCAB574A Al information provided in this document is subject to legal disclaimers. ® NXP B V. 2013 All rights reserved
Product data sheet Rev. 3 — 3 June 2013 29 of 32
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LM2596

3.0 A, Step-Down Switching
Regulator

The TM2596 regulator is monolithic integrated circuit ideally suited
for easy and convenient design of a step—down switching regulator
(buck converter). It is capable of driving a 3.0 A load with excellent
line and load regulation. This device is available in adjustable output
version and it is internally compensated to minimize the number of
external components to simplify the power supply design.

Since LM2596 converter is a switch-mode power supply. its
efficiency is significantly higher in comparison with popular
three—terminal linear regulators, especially with higher input voltages.

The LM2596 operates at a switching frequency of 150 kHz thus
allowing smaller sized filter components than what would be needed
with lower frequency switching regulators. Available in a standard
5-lead TO-220 package with several different lead bend options. and
D-PAK surface mount package.

The other features include a guaranteed *4% tolerance on output
voltage within specified input voltages and output load conditions. and
*15% on the oscillator frequency. External shutdown is included,
featuring 80 puA (typical) standby current. Self protection features
include switch cycle-by—cycle current limit for the output switch, as
well as thermal shutdown for complete protection under fault
conditions.

Features

Adjustable Output Voltage Range 1.23 V -37V
Guaranteed 3.0 A Output Load Current

Wide Input Voltage Range up to 40 V

150 kHz Fixed Frequency Internal Oscillator
TTL Shutdown Capability

Low Power Standby Mode, typ 80 nA

Thermal Shutdown and Current Limit Protection
Internal Loop Compensation

Moisture Sensitivity Level (MSL) Equals 1
Pb-Free Packages are Available

Applications

® Simple High—Efficiency Step-Down (Buck) Regulator
® Efficient Pre—Regulator for Linear Regulators

® On-Card Switching Regulators

® Positive to Negative Converter (Buck—Boost)

® Negative Step—Up Converters

® Power Supply for Battery Chargers

® Semiconductor Components Industries, LLC, 2008 1
November, 2008 - Rev. 0
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TO-220
TV SUFFIX
CASE 314B

Heatsink surface connected to Pin 3

TO-220
T SUFFIX
CASE 314D

Pin

v! n

Output

. Ground
Feedback
ON/OFF

EESCRNE

D2PAK
D2T SUFFIX
CASE 936A
5

Heatsink surface (shown as terminal 6 in
case outline drawing) is connected to Pin 3

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 23 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 23 of this data sheet.

Publication Order Number:
LM2596/D

86



LM2596

Typical Application (Adjustable Output Voltage Version)

r _____ jki;eedback Rt
12v Wal 1 1okt
Unregulated
DC Input TCFFO 50V Regulated

1
Wl L Output 3.0 A Load
g

B o |

i
| 3.1V Internal . ON/OFF
DC Input’ N | Regulator ONOFF 05

| =
|

|

|

|

|

Feedback

cl
1

|
|
|
1) |
= |
R2 Fixed Gain |
Crr Emor Amplifier Comparator {
| | Regulated
| Latch | Lt Quiput
| Qi 7
| T 30Amp |2 i
| Switch GND D1 Cou
| Band-Gap 150 kHz Reset Thermal |3 I
| Reference Oscillator Shutdown I L = = Load
STl A £ T JAF_ G L = .
L
Figure 1. Typical Application and Internal Block Diagram
MAXIMUM RATINGS
Rating Symbol Value Unit
Maximum Supply Voltage Vin 45 \%
ON/OFF Pin Input Voltage - 0.3V <V<aV, \%
Output Voltage to Ground (Steady-State) - -1.0 v
Power Dissipation
Case 314B and 314D (TO-220, 5-Lead) Pp Internally Limited w
Thermal Resistance, Junction-to-Ambient Raa 65 “C/W
Thermal Resistance, Junction-to-Case Ruc 5.0 “C/W
Case 936A (D2PAK) Pp Intemally Limited w
Thermal Resistance, Junction-to-Ambient Raa 70 “C/W
Thermal Resistance, Junction-to-Case Rayc 50 “C/W
Storage Temperature Range Tstg 6510 +150 C
Minimum ESD Rating (Human Body Model: C = 100 pF, R = 1.5 kQ) - 20 kV
Lead Temperature {Soldering, 10 seconds) = 260 C
Maximum Junction Temperature Ty 150 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.
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2

Downloaded from AFOWICOM!



LM2596

PIN FUNCTION DESCRIPTION

Pin | Symbol Description (Refer to Figure 1)

il Vin This pin is the positive input supply for the LM2596 step—down switching regulator. In order to minimize voltage transi-
ents and to supply the switching currents needed by the regulator, a suitable input bypass capacitor must be present
(Cin in Figure 1).

2 Output | This is the emitter of the intemnal switch. The saturation voltage Vgt of this output switch is typically 1.5 V. It should be
kept in mind that the PCB area connected to this pin should be kept to a minimum in order to minimize coupling to
sensitive circuitry.

3 GND Circuit ground pin. See the information about the printed circuit board layout.

4 | Feedback | This pin is the direct input of the error amplifier and the resistor network R2, R1 is connected externally to allow pro-
gramming of the output voltage.

5 ON/OFF | Itallows the switching regulator circuit to be shut down using logic level signals, thus dropping the total input supply

current to approximately 80 pA. The threshold voltage is typically 1.6 V. Applying a voltage above this value (up to
+V)) shuts the regulator off. If the voltage applied to this pin is lower than 1.6 V or if this pin is left open, the regulator
will be in the “on” condition.

OPERATING RATINGS (Operating Ratings indicate conditions for which the device is intended to be functional, but do not guarantee
specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.)

Rating Symbol Value Unit
Operating Junction Temperature Range Ty 4010 +125 C
Supply Voltage Vin 451040 \

Downloaded from AFFOW.COM:

hitp://onsemi.com
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LM2596

SYSTEM PARAMETERS

ELECTRICAL CHARACTERISTICS Specifications with standard type face are for T = 25°C, and those with boldface type apply
over full Operating Temperature Range -40°C to +125°C

[ Characteristics Symbol Min Typ Max | unit |
LM2596 (Note 1, Test Circuit Figure 15)
Feedback Voltage (Vin = 12V, lgad = 0.5 A, Vo = 5.0V,) VFB_nom 1.23 \
Feedback Voltage (8.5 V < Vi, <40V, 0.5 A< I gaq < 3.0 A, Vo = 5.0V) Vig 1.193 1.267 \
1.18 1.28
Efficiency (Vin = 12 V, lLoad = 3.0 A, Vout = 5.0V) n - 73 & %
Characteristics Symbol Min Typ Max Unit
Feedback Bias Current (Vot = 5.0V) Iy 25 100 nA
200
Oscillator Freguency (Note 2) fosc 135 150 165 kHz
120 180
Saturation Voltage (lout = 3.0 A, Notes 3 and 4) Vat 15 18 \
20
Max Duty Cycle “ON" (Note 4) DC 95 %
Current Limit (Peak Current. Notes 2 and 3) oL 4.2 5.6 6.9 A
3.5 75
Output Leakage Current (Notes 5 and 6) I mA
Output=0V 0.5 20
Output = -10V 6.0 20
Quiescent Current {Note 5) la 5.0 10 mA
Standby Quiescent Current (ON/OFF Pin = 5.0 V (*OFF?) lsiy 80 200 uA
(Note 6) 250
ON/OFF PIN LOGIC INPUT
Threshold Voltage 1.6 V'
Vout = 0V (Regulator OFF) Vin 2.2 \
24
Vout = Nominal Output Voltage (Regulator ON) ViL 1.0 \
08
ON/OFF Pin Input Current
ON/OFF Pin = 5.0 V (Regulator OFF) I - 15 30 uA
ON/OFF Pin =0V (regulator ON) e - 0.01 50 uA

1. Extemal components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2596 is used as shown in the Figure 15 test circuit, system performance will be as shown in system parameters section.

. The oscillator frequency reduces to approximately 30 kHz in the event of an output short or an overload which causes the regulated output
voltage to drop approximately 40% from the nominal output voltage. This self protection feature lowers the average dissipation of the IC by
lowering the minimum duty cycle from 5% down to approximately 2%.

. No diode, inductor or capacitor connected to output (Pin 2) sourcing the current.

. Feedback (Pin 4) removed from output and connected to 0 V.

. Feedback (Pin 4) removed from output and connected to +12 V to force the output transistor “off".

Vin =40 V.

N

ousw
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LM2596

PCB LAYOUT GUIDELINES

As in any switching regulator, the layout of the printed
circuit board is very important. Rapidly switching currents
associated with wiring inductance, stray capacitance and
parasitic inductance of the printed circuit board traces can
generate  voltage transients which can generate
electromagnetic interferences (EMI) and affect the desired
operation. As indicated in the Figure 15, to minimize
inductance and ground loops, the length of the leads
indicated by heavy lines should be kept as short as possible.

For best results, single—point grounding (as indicated) or
ground plane construction should be used.

On the other hand, the PCB area connected to the Pin 2
(emitter of the internal switch) of the LM2596 should be
kept to a minimum in order to minimize coupling to sensitive
circuitry.

Another sensitive part of the circuit is the feedback. It is
important to keep the sensitive feedback wiring short. To
assure this, physically locate the programming resistors near
to the regulator. when using the adjustable version of the

1.M2596 regulator.

DESIGN PROCEDURE

Buck Converter Basics

The T.M2596 is a “Buck” or Step~Down Converter which
is the most elementary forward—mode converter. Its basic
schematic can be seen in Figure 16.

The operation of this regulator topology has two distinct
time periods. The first one occurs when the series switch is
on, the input voltage is connected to the input of the inductor.

The output of the inductor is the output voltage, and the
rectifier (or catch diode) is reverse biased. During this
period, since there is a constant voltage source connected
across the inductor, the inductor current begins to linearly
ramp upwards, as described by the following equation:

(VIN C VOUT)‘on

IL(on) > i

During this “on™ period, energy is stored within the core
material in the form of magnetic flux. If the inductor is
properly designed, there is sufficient energy stored to carry
the requirements of the load during the “off” period.

Power L
Switch 2118

el

-
J Vi AD Cout = 2 Rioad

Figure 16. Basic Buck Converter

The next period is the “off” period of the power switch.
‘When the power switch turns off, the voltage across the
inductor reverses its polarity and is clamped at one diode
voltage drop below ground by the catch diode. The current
now flows through the catch diode thus maintaining the load
current loop. This removes the stored energy from the
inductor. The inductor current during this time is:

[Vour = Vi teit
Ity = R

This period ends when the power switch is once again
turned on. Regulation of the converter is accomplished by
varying the duty cycle of the power switch. It is possible to
describe the duty cycle as follows:

> lOI’)
(b
For the buck converter with ideal components, the duty

cycle can also be described as:

, where T is the period of switching.

i Vout
in
Figure 17 shows the buck converter, idealized waveforms
of the catch diode voltage and the inductor current.

®
g Power Power Power Power
S| | swich | swich | Switch | Switch
g off On off On
e IvD(FWD)
T Time
< px
S Z LA loalY)
=2
o ‘
S
g I Power l Power ‘
2 : Diode | Switch { Diode { Switch l
|
Time

Figure 17. Buck Converter Idealized Waveforms

http:/onsemi.com
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PROCEDURE (ADJUSTABLE OUTPUT VERSION: LM2596)

LM2596

Procedure

Example

Given Parameters:

Vout = Regulated Output Voltage
Vin(max) = Maximum DC Input Voltage
Icad(max) = Maximum Load Current

Given Parameters:
Vou = 5.0V
Vin(max) = 12V
lLcad(max) = 3.0 A

Programming Output Voltage
To select the right programming resistor R1 and R2 value (see
Figure 1) use the following formula:

R2
Vout = VreI (140 + m) where Vit = 1.23V

Resistor R1 can be between 1.0 k and 5.0 kQ. (For best
temperature coefficient and stability with time, use 1% metal

film resistors). v
R2 = R1( e 1.0)

ref

1. Programming Output Voltage (selecting R1 and R2)
Select R1 and R2:

R2
Vout = 123(1‘0 + ﬁ) Select RT - 1.0 k&2

Y 5V
out
R2 = R 2L - 1.0 f(—,, —1.0)
(Vref ) 1.23V

R2 = 3.0 k€, choose a 3.0k metal film resistor.

Input Capacitor Selection (Cj,)

To prevent large voltage transients from appearing at the input
and for stable operation of the converter, an aluminium or
tantalum electrolytic bypass capacitor is needed between the
input pin +V;, and ground pin GND This capacitor should be
located close to the IC using short leads. This capacitor should
have a low ESR (Equivalent Series Resistance) value.

For additional information see input capacitor section in the
“Application Information” section of this data sheet.

2. Input Capacitor Selection (Cj,)
A 100 uF, 50 V aluminium electrolytic capacitor located near
the input and ground pin provides sufficient bypassing.

Catch Diode Selection (D1)

A. Since the diode maximum peak current exceeds the
regulator maximum load current the catch diode current
rating must be at least 1.2 times greater than the maximum
load current. For a robust design, the diode should have a
current rating equal to the maximum current limit of the
LM2596 to be able to withstand a continuous output short.

B. The reverse voltage rating of the diode should be at least
1.25 times the maximum input voltage.

3. Catch Diode Selection (D1)
A.For this example, a 3.0 A current rating is adequate.

B.For robust design use a 30 V 1N5824 Schottky diode or
any suggested fast recovery diode in the Table 2.

http:/onsemi.com
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LM2596

PROCEDURE (ADJUSTABLE OUTPUT VERSION: LM2596) (CONTINUED)

Procedure

Example

4. Inductor Selection (L1)
A. Use the following formula to calculate the inductor Volt x
microsecond [V x us] constant:
Vout * Vb 1000
Vin~ VgaT tVp  190KHz

Ex T = (Viy = Vour - Vear) * (v x ps)

B. Match the calculated E x T value with the corresponding
number on the vertical axis of the Inductor Value Selection
Guide shown in Figure 18. This E x T constant is a
measure of the energy handling capability of an inductor and
is dependent upon the type of core, the core area, the
number of turns, and the duty cycle.

. Next step is to identify the inductance region intersected by
the E x T value and the maximum load current value on the
horizontal axis shown in Figure 18.

. Select an appropriate inductor from Table 3.

The inductor chosen must be rated for a switching
frequency of 150 kHz and for a current rating of 1.15 X I g4q.
The inductor current rating can also be determined by
calculating the inductor peak current:

(]

=}

(Vin = Vout) ton
!p(max) = ILoad(max) R oL
where 1, is the “on” time of the power switch and
vV,
t.. = —outy 1.0
on _—Vin -

4. Inductor Selection (L1)

A.Calculate E x T [V x us] constant:

5+ 05 « 1000
12-5+05 150kHz

ExT=!5A5’X%§><6.6!VXus!

ExT=(12~5-15}x

B.ExT =27 [V xps]

C.licad(max) = 3.0 A
Inductance Region = L40

D. Proper inductor value = 33 uH
Choose the inductor from Table 3.

(V x

us)

5. Output Capacitor Selection (Cg.4)

A. Since the LM2596 is a forward-mode swiltching regulator
with voltage mode control, its open loop has 2-pole-1-zero
frequency characteristic. The loop stability is determined by
the output capacitor (capacitance, ESR) and inductance
values.

For stable operation use recommended values of the output
capacitors in Table 1.

Low ESR electrolylic capacitors between 220uFand 1500uf
provide best results.

B. The capacitors voltage rating should be at least 1.5 times
greater than the output voltage, and often much higher
voltage rating is needed to satisfy low ESR requirement

5. Output Capacitor Selection (Cout)
A.In this example is recommended Nichicon PM
capacitors: 470 pF/35 V or 220 uF/35 V

6. Feedforward Capacitor (Cgr)

It provides additional stability mainly for higher input voltages. For
Cff selection use Table 1. The compensation capacitor between
0.6 nF and 40 nF is wired in parallel with the output voltage setting
resistor R2, The capacitor type can be ceramic, plastic, etc..

6. Feedforward Capacitor (Crf)
In this example is recommended feedforward capacitor
15 nF or 5 nF.

hitp://onsemi.com
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LM2596 Series Buck Regulator Design Procedures (continued)

Table 1. RECOMMENDED VALUES OF THE OUTPUT CAPACITOR AND FEEDFORWARD CAPACITOR

(lioad = 3 A)
Nichicon PM Capacitors
Vin (V) Capacity/Voltage Range/ESR (uF/V/mQ)
40 1500/35/24 | 1000/35/29 | 1000/35/29 | 680/35/36 | 560/2555 | 560/25/55 | 470/35/46 | 470/35/46
26 1200/35/26 |  820/35 680/35/36 | 560/35/41 | 470/25/65 | 470/25/65 | 330/35/60
22 1000/35/29 | 680/35/36 | 560/35/41 | 3302585 | 330/2585 | 220/35/85
20 820/35/32 | 470/35/46 | 470/25/65 | 330/25/85 | 3302585 | 220/35/85
18 820/35/32 | 470/35/46 | 470/25/65 30/25/85 | 330/25/85 | 220/35/85
12 820/35/32 | 470/35/46 | 220/35/85 | 220/25/111 |
10 820/85/32 | 470/35/46 | 220/35/85 | )
Vou (V) g 4 6 9 12 15 24 28
Cee (nF] 40 15 5 g 1.5 1 06 0.6
70 .
60 ol N ids L42 i3
50  220uH 3&//( L36 \ 2 4
= 27 e g \
40 A
tbouH [\ [ S
- 29 138
25 < 100ui__\ N S \ -
20 N 131 40
i S AT )
= 5 i ] £ 2 140
= re ) R g Q
LLl 122 L } L40
22uH
10 |
9 B3 P (O3 [ ~68 u
8 MY
6 \
5 L15 )/ 25 \ 15“HA
4
0.6 0.8 1.0 1.5 2.0 25 30

Downloaded from AFOW.COM:

Maximum load current (A)
Figure 18. Inductor Value Selection Guides (For Continuous Mode Operation)
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LM2596
Table 2. DIODE SELECTION
Schottky Fast Recovery
3.0A 40-60A 3.0A 40-6.0A
Through Surface Through Surface Through Surface Through Surface
VR Hole Mount Hole Mount Hole Mount Hole Mount
20V 1N5820 SK32 1N5823
MBR320P SR502
SR302 SB520
30V 1N5821 SK33 1N5824 50WQ03
MBR330 30WQ03 SR503
SR303 SB530 MUR320 MURS320T3 MUR420 MURD620CT
31DQ03 31DF1 MURD320 HER602 S0WF10
HER302 30WF10
40V 1N5822 SK34 1N5825 MBRD640CT
MBR340 30WQ04 SR504 50WQo4 (all diodes (all diodes (all diodes (all diodes
SR304 MBRS340T3 SB540 rated rated rated rated
31DQ04 MBRD340 to at least to at least to at least to at least
100 V) 100 V) 100 V) 100V)
50V MBR350 SK35 SB550 50WQ05
31DQ05 30WQ05
SR305
60V MBR360 MBRS360T3 50SQ080 MBRD660CT
DQO6 MBRD360
SR306

NOTE: Diodes listed in bold are available from ON Semiconductor.

Downloaded from AFFOWIGOM!
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LM2596

Table 3. INDUCTOR MANUFACTURERS PART NUMBERS

Schott Renco Pulse Engineering Coilcraft
Inductance Current Through Surface Through Surface Through Surface

(nH) ®) Hole Mount Hole Mount Hole Mount Surface Mount
L15 22 0.99 67148350 | 67148460 | RL-1284-22-43 RL1200—2 PE-53815 | PE-53815-S DO3308-223
L21 68 0.99 67144070 | 67144450 RL-5471-5 RLI%OOVG PE-53821 PE-53821-S DO3316-683
122 47 1.17 67144080 | 67144460 RL-5471-6 - PE-53822 | PE-53822-S DO3316-473
123 33 1.40 67144090 | 67144470 RL-5471-7 - PE-53823 | PE-53823-S DO3316-333
124 22 1.70 67148370 | 67148480 | RL-1283-22-43 - PE-53824 | PE-53825-S DO3316-223
L25 15 2.10 67148380 | 67148490 | RL-1283-15-43 - PE-53825 | PE-53824-S DO3316-153
L26 330 0.80 67144100 | 67144480 RL-5471-1 - PE-53826 | PE-53826-S DO5022P-334
L27 220 1.00 67144110 | 67144490 RL-5471-2 - PE-53827 | PE-53827-S DO5022P-224
L28 150 1.20 67144120 | 67144500 RL-5471-3 = PE-53828 | PE-53828-S DO5022P-154
L29 100 1.47 67144130 | 67144510 RL-5471-4 - PE-53829 | PE-53829-S DO5022P-104
L30 68 1.78 67144140 | 67144520 RL-5471-5 - PE-53830 PE-53830-S DO5022P-683
L31 a7 2.20 671441650 | 67144530 RL-5471-6 - PE-53831 PE-53831-8§ DO5022P-473
132 33 2.50 67144160 | 67144540 RL-5471-7 PE-53932 | PE-53932-8 DO5022P-333
133 22 3.10 67148390 | 67148500 | RL-1283-22-43 - PE-53933 PE-53933-S DO5022P-223
1.34 15 3.40 67148400 | 67148790 | RL-1283-15-43 B PE-53934 | PE-53934-S DO5022P-153
135 220 1.70 67144170 - RL-5473-1 - PE-53935 | PE-53935-S -
136 150 2.10 67144180 - RL-5473-4 - PE-54036 | PE-54036-S -
L37 100 2.50 67144190 - RL-5472-1 - PE-54037 | PE-54037-S -
L38 68 3.10 67144200 - RL-5472-2 - PE-54038 | PE-54038-S DO5040H-683ML
139 47 3.50 67144210 - RL-5472-3 - PE-54039 | PE-54039-S | DO5040H-473ML
L40 33 3.50 67144220 | 67148290 RL-5472-4 - PE-54040 | PE-54040-S | DOS5040H-333ML
L4 22 3.50 67144230 | 67148300 RL-5472-5 - PE-54041 PE-54041-8 DO5040H-223ML
L42 150 2.70 67148410 - RL-5473-4 - PE-54042 | PE-54042-S -
L43 100 3.40 67144240 - RL-5473-2 - PE-54043 -
L44 68 3.40 67144250 - RL-5473-3 - PE-54044 DO5040H-683ML

Downloaded from AFFOW.GOM!
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LM2596

anl n ———
Shutdown 50 ON/OFF 30 GN
Input D

50V—
Ly

On 470
Q!Z’ ?72 k

MOC8101

g

NOTE: This picture does not show the complete circuit.

Figure 24. Inverting Buck-Boost Regulator Shutdown
Circuit Using an Optocoupler

With the inverting configuration, the use of the ON/OFF
pin requires some level shifting techniques. This is caused
by the fact, that the ground pin of the converter IC is no
longer at ground. Now, the ON/OFF pin threshold voltage
(1.3 V approximately) has to be related to the negative
output voltage level. There are many different possible shut
down methods, two of them are shown in Figures 24 and 25.

R
12k Nig
—o0

NOTE: This picture does not show the complete circuit.

Figure 25. Inverting Buck-Boost Regulator Shutdown
Circuit Using a PNP Transistor

Negative Boost Regulator

This example is a variation of the buck-boost topology
and it is called negative boost regulator. This regulator
experiences relatively high switch current, especially at low
input voltages. The internal switch current limiting results in
lower output load current capability.

The circuit in Figure 26 shows the negative boost
configuration. The input voltage in this application ranges
from —5.0 V to —12 V and provides a regulated —12 V output.
If the input voltage is greater than —12 'V, the output will rise
above -12 V accordingly, but will not damage the regulator.

1H—

+Vin | |
LM2596-ADJ

R4:]: J:'

Cout
470 uF

Feedback

TR S |
Cin 'L ¥
100 uF/ == e Y D1
S0V ON/OFF | GND 1N5822 K. ~12V@0.7A
Regulated
Output
12v d O
Unregulated L1
DC Input 33 uH
O CRAG
Figure 26. Negative Boost Regulator
Design Recommendations: values for the negative boost regulator is the same as for

The same design rules as for the previous inverting
buck-boost converter can be applied. The output capacitor
Cout must be chosen larger than would be required for a what
standard buck converter. Low input voltages or high output
currents require a large value output capacitor (in the range
of thousands of uF). The recommended range of inductor

inverting converter design.

Another important point is that these negative boost
converters cannot provide current limiting load protection in
the event of a short in the output so some other means, such
as a fuse, may be necessary to provide the load protection.

96
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D
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Figure 30. 1.2 to 35 V Adjustable 3.0 A Power Supply with Low Output Ripple
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LM2596

THE LM2596 STEP-DOWN VOLTAGE REGULATOR WITH 5.0 V@ 3.0 A OUTPUT POWER CAPABILITY.
TYPICAL APPLICATION WITH THROUGH-HOLE PC BOARD LAYOUT

4447 Feedback
r——————/17
Unregulated | |
DC Input Vi | | R
LM2596-ADJ | 33 uH Regulated
+V,=10Vio 40V
in / | LOulpul CILID = . Output Filtered
[ A2 Vou =5.0V @ 3.0A
30N OONOFF ™\ LR e
D 3 =
>
1
100 uF—= DI ' 2220 e
150V ) 1N5822 7 220u <R
| - H6V 210k
' \
. . 3 . 0
= Vout’Vref ' (1'0+H1)
C1 - 100 pF, 50 V, Aluminium Electrolytic Vit =123V
c2 220 pF, 25V, Aluminium Electrolytic R1 isbetween 1.0k and 5.0 k
D1 - 3.0A, 40V, Schottky Rectifier, IN5822
L1 33 uH, DO5040H, Coilcraft
Rl - 1.0k 025W
R2 3.0kQ, 0.25W

Figure 31. Schematic Diagram of the 5.0 V @ 3.0 A Step-Down Converter Using the LM2596-ADJ

|

NOTE: Not to scale. NOTE: Not to scale.
Figure 32. Printed Circuit Board Layout Figure 33. Printed Circuit Board Layout
Component Side Copper Side
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LM2596
ORDERING INFORMATION
Device Package Shipping!

LM2596TADJG T0-220 50 Units / Rail
(Pb-Free)

LM2596TVADJG TO-220 (F) 50 Units / Rail
(Pb-Free)

LM2596DSADJG D?PAK 50 Units / Rail
(Pb-Free)

LM2596DSADJRAG D?PAK 800 / Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.

MARKING DIAGRAMS

TO-220 TO-220
TV SUFFIX T SUFFIX
CASE 314B CASE 314D

LM M
2596T-ADJ 2596T-ADJ
AWLYWWG AWLYWWG

I

1

Downloaded from AROWICOM!

A = Assembly Location
WL = Wafer Lot

Y =Year
WW = Work Week
G = Pb-Free Package
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60 V, 360 mA N-channel Trench MOSFET
Rev. 1 — 4 August 2011 Product data sheet

| BSS138BK

Product profile

1.1

1:2

1.3

14

General description

N-channel enhancement mode Field-Effect Transistor (FET) in a small SOT23
(TO-236AB) Surface-Mounted Device (SMD) plastic package using Trench MOSFET
technology.

Features and benefits

B | ogic-level compatible B ESD protection up to 1.5 kV
B Very fast switching B AEC-Q101 qualified
B Trench MOSFET technology

Applications
B Relay driver B |ow-side loadswitch
B High-speed line driver B Switching circuits

Quick reference data

Table 1.  Quick reference data

Symbol Parameter Conditions Min Typ Max Unit

Vps drain-source voltage Tj=25°C - - 60 V

Vas gate-source voltage 20 - 20 Vv

Ip drain current Ves=10V; Ty =26°C [ - - 360 mA

Static characteristics

Ropson drain-source on-state Vs = 10V, Ip = 350 mA; - 1 16 Q
resistance

T,=25°C

[1] Device mounted on an FR4 PCB, single-sided copper, tin-plated, mounting pad for drain 1 cm?
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BSS138BK

2. Pinning information

60 V, 360 mA N-channel Trench MOSFET

Table 2.  Pinning information
Pin Symbol Description Simplified outline Graphic symbol
1 G gate

3 D
2 S source
3 D drain

1 2 G
SOT23 (TO-236AB)
s
017aaa255
3. Ordering information
Table 3.  Ordering information
Type number Package
Name Description Version

BSS138BK TO-236AB plastic surface-mounted package; 3 leads S0T23
4. Marking
Table 4.  Marking codes
Type number Marking codel'l
BSS138BK %SB

[1] % = placeholder for manufacturing site code.

B8SS128BK

Allinformation provided in this document is subject to legal disclaimers ® NXP BV.2011. Nl rights reserved

Product data sheet

Rev. 1 — 4 August 2011 20of 16
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7. Characteristics

60 V, 360 mA N-channel Trench MOSFET

Table 7.  Characteristics
Symbol Parameter Conditions Min  Typ Max  Unit
Static characteristics
Visripss drain-source Ip =250 pA; Vs =0V, Tj=25°C 60 - - A%
breakdown voltage
Vasth gate-source threshold  Ip = 250 pA; Vps = Vgs; Tj=25°C 048 11 1.6 \
voltage
Ipss drain leakage current  Vpg =60V;Vgg=0V, T;=25°C - - 1 HA
Vps =60V; Vgs=0V; T;=150 °C - - 10 HA
lgss gate leakage current Ves =20 V;Vps=0V; T;=25°C - - 10 HA
Vs =-20 V; Vps =0 V; T = 25 °C - - 10 A
Ves =10 V; Vps=0V; T)=25°C - - 1 A
Ves =-10V; Vps =0V, Tj=25°C - - 1 HA
Ropson drain-source on-state  Vgs = 10 V; Ip =350 mA; T)=25°C - 1 1.6 Q
resistance Vgs = 10 V; Iy = 350 mA; T, = 150 °C - 2 32 % q
Ves =4.5 V;1p =200 mA; T, =25 °C - 1.1 2.2 Q
Vgs =25V, Ip=10mA; Tj=25°C - 14 6.5 Q
Ots forward Vps =10V, Ip=200mA; Tj=25°C - 700 - mS
transconductance
Dynamic characteristics
Qgto total gate charge Vps =30V; Ip=300mA; Vgs=4.5V, - 0.6 0.7 nC
Qs gate-source charge T=25°C - 0.1 - nC
Qep gate-drain charge - 0.2 - nC
Ciss input capacitance Vps =10V;f=1MHz Vgs=0V; - 42 56 pF
C&I output capacitance T=25°C = - pF
Crsé reverse transfer - - pF
capacitance
tagon) turn-on delay time Vps =40V; R, =250Q; Vas =10V, - 5 10 ns
t; rise time Roe=6Q; Tj=25°C = 5 & ns
tagom turn-off delay time - 38 76 ns
tr fall time - 20 - ns
Source-drain diode
Vsp source-drain voltage Is=300mA; Vgs =0V; T)=25°C 047 0.8 1.2 A
BSS51388K Al information provided in this document is subject to legal disclaimers ® NXP BV 2011. All rights reserved.
Product data sheet Rev. 1 — 4 August 2011 6 of 16
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NXP Semiconductors BSS1 3SBK

60 V, 360 mA N-channel Trench MOSFET

8. Test information

P duty cycle = il
t 0
t
_‘ _’
T
006aaa812

Fig 17. Duty cycle definition

8.1 Quality information

This product has been qualified in accordance with the Automotive Electronics Council
(AEC) standard Q101 - Stress test qualification for discrete semiconductors, and is
suitable for use in automotive applications.

8551388K Al information provided in this document i subject to legal disclaimers ® NXP BV 2011 All sights reserved

Product data sheet Rev. 1 — 4 August 2011 10 of 16
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BSS138BK

60 V, 360 mA N-channel Trench MOSFET

NXP Semiconductors

9. Package outline

Plastic surface-mounted package; 3 leads SOT23
o - ]
| -G
| /’ $
' [ \\
It ol |
| | 1 |
1 ! /’
H—NY Y
~ e
3
Tl
|
1
1
)
— Y G . N jNe
|
|
- 1 -
TN 7 12
2 | ' | 1 2
= el | L @weE
. |
-
0 1 2mm
Ll el
scale
C ONS (mm are the original dimensiol
Aq
UNIT D E H L,
A Msa: bp c e ey '3 P Q v w
11 048 [ 015 | 30 | 14 25 | 045 | 055
mm | os [W02 es | o [ salpi e oo i hohie Phae | 92¢] i
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION SSUEDATE
; 414
S0T23 TO-236AB = @ o

Fig 18. Package outline SOT23 (TO-236AB)

B8SS128BK

Allinformation provided in this document s subject to legal disclaimers

® NXP BV 2011. Nl rights reserved

Product data sheet

Rev. 1 — 4 August 2011
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NXP Semiconductors BSS1 3BBK

60 V, 360 mA N-channel Trench MOSFET

10. Soldering

U777 soderlands

T 7| solderresist
BB solder paste
I______] occupied area

Dimensions in mm

501023 fr

77/ solder lands

solder resist

,_._.I

1~ = 71 occupied area

oo e e

N M L _tr_ — — | preferred transport direction during soldering

Dimensions in mm

28 |

501023 fw

Fig 20. Wave soldering footprint for SOT23 (TO-236AB)

in this document is subject to legal disclaimers ® NXP BV 2011, Allfights reserved.

B8S5138BK *
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BOURNS'

Electrical Specifications @ 25 °C

Features
m Shielded construction
m Carbonyl powder core
m High saturation current
m Inductance range: 1to 100 pH

m AEC-Q200 qualified

m RoHS compliant® and halogen free**

Applications
m Automotive systems:
- Driver assistant
- Information
- Entertainment
- Lighting
= DC/DC converters
m Power supplies

SRP1770TA Series - Shielded Power Inductors

Inductance Q(Min.) | SRF | DCR | DCR
Bourns Irms | Isat1 | Isat2
@100 KHz/1V | @100 KHz | (MH: 9 Q
Part Number 2 100 MHz2/1Y Baps (sz- (T"‘yp_) )| ) | @) | @)
SRP1770TA-1ROM 20 35 | 16| 2 52 | 60 | 70
SRP1770TA-1R5M 20 30 2 | 25| 47 | 52 | 65
SRP1770TA-2R2M 20 22 |24 | 27 (435 47 | 62
SRP1770TA-3R3M 20 17 | 35 | 39 [ 28 | 45 | 54
SRP1770TA4RTM [ 47 20 [15 [ 48 |55 [ 25 [ 41 [ 50
SRP1770TA-5R6M | 5.6 +20 20 12 | 58 |705] 21 | 40 | 45
SRP1770TA-6R8M | 6.8 +20 20 1 | 84 | 92| 19 | 382 | 39
SRP1770TA-8R2M | 8.2 +20 20 10 [ 96 |108]| 18 | 25 | 31
SRP1770TA-100M | 10 +20 20 8 |11.8| 13 [165] 24 | 29
SRP1770TA-150M | 15 +20 20 7 | 178|205 (125 23 | 27
SRP1770TA-220M | 22 +20 20 5 | Zidiees 12\ M8 23
SRP1770TA-330M | 33 +20 20 4 38 | 44 |107] 15 | 20
SRP1770TA-390M | 39 +20 20 4 40 | 48 | 92 [ 11 18
SRP1770TA-470M | 47 +20 20 3 48 | 55 | 87 [ 95 | 16
SRP1770TA-560M | 56 +20 20 3 54 | 62 | 78 | 9 15
SRP1770TA-680M | 68 +20 20 2 68 | 80 7 8 13
SRP1770TA-101M | 100 +20 20 2 [102 ]| 118 [ 53 | 65 | 12
Soldering Profile
Preheating Soldering Natural Cooling
— |~—Tp(260°C/10 Sec. Max)

g .....

: |

= }

{é -150°C-, F—S(MSOSec ——[

5 60-180

- Sec

480 Sec. Max
25
Time (Seconds)
Reflow Times: 3 Times Max.
How to Order Schematic

SRP1770TA - 220 M
Model

Value Code (see table) 4

Tolerance Code

“ RoHS Directive 2002/95/EC Jan. 27, 2003 including annex and RoHS Recast 2011/65/EU June 8, 2011.

“*Bourns considers a product to be “halogen free” if (a) the Bromine (Br) content is 900 ppm or less; (b) the Chlorine
(C) content is 900 ppm or less; and (c) the total Bromine (Br) and Chlorine (Cl) content is 1500 ppm or less.

Specifications are subject to change without notice.

The device characteristics and parameters in this data sheet can and do vary in different applications and actual device

performance may vary over time.

Users should verify actual device performance in their specific applications.

General Specifications

Operating Temperature
................................ -40 °C to +150 °C
(Temperature rise included)
Storage Temperature
................................ -40 °C to +125 °C
Rated Current
<eeeee.. Inductance drops 20 % at Isat1,
30 % at Isat2
Temperature Rise .....40 °C at rated Irms

Materials
Core. ...Carbonyl powder
Wire. Enameled copper

Terminal Finish ... .Sn
Packaging....... 300 pes. per 13-inch reel

67403 l 1

(2642012 1

21203
(0832 .012)

Product Dimensions

17.3:04
(681+.016)
16.9:03
(666 + 012)

101
1510

0-+0.95
0+ .010)

03
¢.012)

119403
(4691 012)

Recommended Layout

I

25
(.492)
DIMENSIONS:

185

{728

122
(.480)

MM
(INCHES)
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Series - Shielded

L vs. | Charts (Continued)
SRP1770TA-680M " SRP1770TA-101M

4. s
— -4
/V v s
&
// > u
L L i
) 26 52 8 104 130 0 24 18 72 a6 120

éc Cu!‘en/l (A OC Current (A)
Packaging Specifications

2005

1*%2) = ore- o0

EMBOSSED
CAVITY

(1.260 =.020)

%
ol N o EMBOSSEE/
Eehe e CARRIER
40201

175201 DIA, - - I, 052005
15201 " [‘ 572 - :

(969 .004) ~ro 5%047 &25*3&,»1 (o7 00 204005 "1™ (020 002)
ek (= {0792.002) | R,

1
T—r-@’4)@(94)@@@@‘@0@19@@’@@@03’(B@'D@@@‘Sr@@@' 7 {1689 +.004)
142101 = = = = = — i - —
(559 = .004) | ‘}
= oz | 2842010 ¥
= = {1118= 004)
A A
0000909000000 9000900 0000000000 4—— 11;85:3[;1
(728« )
<_‘ 75201
:’ {295+ .004)
USERDIRECTION OF FEED ‘ﬁ P
QTY:300PCS. PERREEL |-—-1—M;’;g;“ DIMENSIONS:  ryepesy
175401
! (.689 £ .004)

BOURNS®

Asia-Pacific: Tel: +886-2 2562-4117 « Fax: +886-2 2562-4116
EMEA: Tel: +36 88 520 390 - Fax: +36 88 520 211

The Americas: Tel: +1-951 781-5500 « Fax: +1-951 781-5700

www.bourns.com 0815
Specifications are subject to change without notice.

The device characteristics and parameters in this data sheet canand do vary in different applications and actual device performance may vary over time.
Users should verify actual device performance in their specific applications.
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DURIS® E 3
Datasheet
Version 2.0

¢ us

LCW JNSH.EC

The DURIS® E 3 combines high efficacy and a wide
beam angle into acompact format (3.0 mmx 1.4 mm).
This is key to homog s illumination applications
where the DURIS® E 3 never fails to impress with its

performance on system level.

Features:
» Package: white SMT package, colored diffused
silicone resin

Die DURIS® E 3 kombiniert hohe Hfizienz und einen
weiten Abstrahlwinkel in einer kompakten Bauform
(3,0 mm x 1,4 mm). Speziell fir Anwendungen mit
besonders homogener Lichtverteilung kann die
DURIS® E 3 mit ihrer | eistung auf Systemebene
iiberzeugen.

Besondere Merkmale:
* Gehausetyp: weiles SMT Gehause, farbiger
diffuser Silikon-Verguss

» Viewing angle at 50 % I,z 110° » Abstrahlwinkel bei 50 % I,: 110°

* Color: 2700 K - 5000 K ( warm and neutral white )~ » Farbe: 2700 K - 5000 K ( warm- und neutratweif3 )

* CRI:min. 80 (typ.85) * CRI: min. 80 (typ. 85)

* Luminous Flux: typ. 7.9 Im @ 5000 K * Lichtstrom:typ. 7.9 Im @ 5000 K

» Luminous efficacy: typ. 130 Im/W @ 5000 K » Lichtausbeute: typ. 130 Im/W @ 5000 K

* Lumen Maintenance: lest results according to * Lichtstromerhaltung: lestergebnisse nach
IESNA LLM-80 available IESNA LM-80 verfiigbar

Applications Anwendungen

* Retrofits and fixtures * Retrofits

« Linear lights * Linearbeleuchtung

* Tasklights * Schreibtischleuchten

20140912

| OSRAM

Opto Semiconductors
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Version 2.0 LCW JNSH.EC

Ordering Information
Bestellinformation

Type: Color Luminous Ordering Code
p ure y 1) page 23
Typ: Farbtemperatur | Lichtstarke Bestellnummer
1) Sette 23
I, =20 mA
(K] ly [med]
LCW JNSH.EC BUCQ 5H71-1 5000 2590 ... 3300 Q65111A5766
LCW JNSH.EC-BTCP-5H7I-1 5000 2400 ... 3040 Q65111A4631
LCW JNSH.EC-BUCQ-5L7N-1 4000 2590 ... 3300 QB65111A5720
LCW JNSH.EC-BTCP-5L7N-1 4000 2400 ... 3040 Q65111A4630
LCW JNSH.EC-BTCP-508Q-1 3500 2400 ... 3040 Q65111A5856
LCW JNSH.EC-BSBU-508Q-1 3500 2240 ... 2800 Q65111A3546
LCW JNSH.EC BTCP-5R8T-1 3000 2400 ... 3040 Q65111A4629
LCW JNSH.EC-BSBU-5R8T-1 3000 2240 ... 2800 Q65111A3545
LCW JNSH.EC-BTCP-5U8X-1 2700 2400 ... 3040 Q65111A5317
LCW JNSH.EC-BSBU-5U8X-1 2700 2240 ... 2800 Q65111A4632
LCW JNSH.EC-BRBT-5U8X-1 2700 2100 ... 2590 Q65111A3548
Naote: The above groups y iy 8.
ps E.9. LCW JNSH.EC-BUCO-SL7N- Ymeansmarodym group BU.CP.CQ
wilbe ;hpnible fwanyp:d(rqunl In order 1o enswre avaikabiliy. single bichiness groups wil not be orderabie.
In a simiar manner forcolors when one packing
unit LCW INSHEC-BUCQ-RL7N-1 means that the device will bo shipped within #e specified lmm‘ h arder 10 ensum availabilty. single color
groups will nat
In a similar manner for colors where forward vokiage groups are measured and binned. single forward vokage groups wil be shipped on any packing
une. E. g LCW JNSH.FC-BUCQ-5L7N-1 means that only one forward voktage group L1.L2M1.M2N1.N2 will be shippable. in order © ensure
avaiabiliy. dinot be (see page 5).
Anm. Die aber i die Diese bestehen aus wenigen Haligkeitsgrippen (siohe Seite 5) Es

wird nur eine enzge Helligheisgruppe pro Vemackungseinheit geliefes. Z. B. LCW JNSH.EC-BUCQSLN-1 bedeurt, dass in einer
nur eine der BU, CP. CQ enhalen ist Um de Liefersicherbel zu gewdhriesten. kdnnen enzelne
Helighetsgruppen nichi besteilt werden.

Gleiches. werden. Fro
ZB. LCW JINSHEC-BUCQSL/N-1 bedeukt dass in einer Vepackungsenhell nur eine cer Faorgrippen enthalten it. LCW
INSH EC-BUCQ-5L7N-1 bedeutet, gass cas Bautai inneshalt der spezifizierien Grenzen Geiefen wird. Um die Liefersicherhait 2u gewalyleisten.

werden.

Gleches gl fir die LEDS. be denan die Durchiassspannungsgrippen gemessen und gruppien werden. Pro Verpackungseinhet wird nur eine
Durchiassspannungsgrippe gelieten. Z. B. LCW JNSH EC-BUCQ-5L 7N-1 bedeutet, dass nach Durchiassspanningsgippen gruppier wird. In einer
it st pur aine der LT.L2M1M2N1N2 enthatten (sihe Seite 5. Um die Lictersicherhait 2u

. i

2 OSRAM

Opto Semiconductors
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LCW JNSH.EC

Maximum Ratings
Grenzwerte

Parameter
Bezeichnung

Symbol

Values
Werte

Operating temperature range
Betriebstemperatur

40...85

Storage temperature range
Lagertemperatur

40...100

Junction temperature
Sperrschichttemperatur

110

Forward current
Durchlassstrom
(Ts=25°C)

Surge current
StoBstrom
(1< 10 ps; D = 0.005; T5 =25 °C)

I

100

Reverse voltage 20%9¢23
Sperrspannung 2 S¢€23
(Ts=25°C)

Vi

ESD withstand voltage
ESD Festigkeit
(acc. ANSVESDA/JEDEC JS-001 - HBM, Class 0)

VESD

ESD sensitive device

kv

2014-0912

3

OSRAM

Opto Semiconductors
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Version 2.0 LCW JNSH.EC

Characteristics (T =25 °C; |- = 20 mA)

Kennwerte

Parameter Symbol Values Unit

Bezeichnung Symbol Werte Einheit

Viewing angle at 50 %1, (typ.) 2¢ 110 G

Abstrahlwinke! bei 50 % |,

Forward voltage * %9¢ % (min.) Ve 2.80 \"

Durchlassspannung ¥ Sese 24 (typ.) Ve 3.05 Vv
(max.) Ve 3.40 Vv

Reverse current Iy not designed for

Sperrstrom reverse operation

Color reproduction index 4 page 23 (yp.) R, 85 -

Farbwiedergabe Index ¥ St 23 (min.) R. 80 -

“Electrical” thermal resistance junction /ambient  (typ.) Rpaer 280 Kw

5) page 23

“Elektrischer” Warmewiderstand Sperrschicht /

Lotpad 52

(with efficiency . = 20 %)

Real thermal resistance junction / solder point (typ.) Rinus rear 125 KW

5) peoa23 (max.) RefLi 162 KW

Realer Wammewiderstand Sperrschicht / Lotpad

5) Seite 23

“Electrical” thermal resistance junction / solder (typ.) B isa 100 Kw

point #page 23

*E i " Wa d Sperrschicht/

Lc“)lpad 5)Seite 23

(with efficiency . = 20 %)

Note: Individual forward voltage groups see next page

Anm.: Durchlassspannungsgruppen siehe néchste Seite

2014-0912

4

OSRAM

Opto Semiconductors
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Version 2.0 LCW JNSH.EC
Brightness Groups
Helligkeitsgruppen
Group Luminous Lumi Lumi Flux | Lumi Flux

1 oy 1) page23 |y 1) page 23
Gruppe Lichtstarke Lichtstarke Lichtsti Li

1) Seite 23 1) Seite 26

(min.) I, [med] (max.) I, [med] (extrapolated min.) | (extrapolated

@y [mim] max.) Oy [mim]

BR 2100 2240 6595 7035
BS 2240 2400 7035 7535
BI 2400 2590 7535 8135
BU 2590 2800 8135 8790
cP 2800 3040 8790 9545
cQ 3040 3300 9545 10360
Nate: ity g i i groups

of anly ightness groups. lndiviusl br b orered.

The extrapalated 1y pical minimum and maximum vakies are cakcu ted with an assumption of 17" value based on a Lambersian radiation pater.

Anm.: Die i Z i i «ine obere Famil i lgruppe. die aus
nur wen bestoht. Einzelne sind

Die extrapolierten typischen Minimum- und Maximum Werte wurden mi dem Faktor "n” untar Annabme einer lambertschen Abstrahichar ak sristk
errechnet.

Forward Voltage Groups 9%

Dur p gsgruppen 3)Seite 23
Group

Gruppe (min.) V¢ [V] | (max.) V; [V]
L1 2.80 290

L2 2.90 3.00

M1 3.00 3.10

M2 3.10 3.20

N1 3.20 3.30

N2 3.30 3.40

5 OSRAM

Opto Semiconductors
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Version 2.0 LCW JNSH.EC

Package Outline ® 7%
MaBzeichnung Y S#¢2

13 lo 051 ]
11 [00L3"
112 [oow 15 [ouss"
092 [0.036” 13 [0051"
047 [o 019" 137 [oosn"
027 oot 117 (0046
028 [oou"__ 112 oou._j]
cathode mark 008 10.003 092 (0036 T
ag
™S S 38
el o e oo
T —=FN 23[38|38| M9 , o
et ' ss|eg|zg)| ] ©03/ =
58 28| =z |=2| [S % i
=12
-
| S
REIRE iy
" &
1115 [0.045°)) i [oou‘] [
13 [oosv-‘] 02 (0008
13 0051
0005100002 |
(63062-AL125-A1 .04
Approximate Weight: 15 mg
Gewicht: 15 mg

N ; os R‘ \M

Opto Semiconductors
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Version 2.0 LCW JNSH.EC
Recommended Solder Pad % Reflow soldering
p Lotp ign Y Sete & Reflow-1 6ten
11100631 16 10.063°1 111004371 | 161006371 11003571 1700.087°|
- _amll ey
: : <o il
L | - N
§ -‘Z Jsolder rasist = [ solder stenct H
m
L8
€062 301083-01
Note: Package not suitable for ultra sonic cleaning.
For superior solder joint connectivity results we
recommend soldering under standard nitrogen
atmosphere.
Anm.: Das Gehéause ist fir Ultraschallreinigung nicht
geeignet.
Um eine verb Lotstell ntaktierung zu

erreichen, empfehlen wir, unter Standard-
Stickstoffatmosphare zu Iten.

- ; Os R‘ \M

Opto Semiconductors
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Version 2.0 LCW JNSH.EC

Tapin 8) page 23
Gurtung 8) Sate23

4101577]
2100797] cathode side

15 (0.059"] \

02310.009° _

175 [0.0697]

35 (0.1387]

N
U
3210126"]

e
]
?%i

15510.0617] 14810.058"]

4 [01577)

(63062-AL125-B1-01

- ’ os R‘ \M

Opto Semiconductors
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LCW JNSH.EC

Tape and Reel
Gurtverpackung
8 mm tape with 2000 pcs. on @ 180 mm reel

%)

(]

&
| £

SrERY
[T

A

Tape dimensions in mm (inch)

w,

13.0:02%

Direction of unreeling

_—

Leader: min. 400 mm *
Trailer:  min. 160 mm *

*) Dimensions acc. to IEC 60286-3; EIA 481-D

OHarows

W Pg P, P, D, E F
8+0.3/-0.1 4101 2+0.05 2+0.05 15+01 17501 3.5+0.05
(0.157 + (0.079+ (0.079+ (0.059 + (0.069 + (0.217 +
0.004) 0.002) 0.002) 0.004) 0.004) 0.002)
or
4+0.1
0.157 +
0.004)
Reel dimensions in mm (inch)
A Y No w, Wanas
180 (7) 8(0.315) 60 (2.362) 8.4+2(0.331 + 14.4 (0.567)
0.079)
2014-09-12 18

OSRAM

Opto Semiconductors
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®

Sfee m e WiALT Bk Groen B520CQ - B560CQ
5.0A SURFACE MOUNT SCHOTTKY BARRIER RECTIFIER

Product Summary Features and Benefits
B520CQ/B530CQ/B540CQ e Guard Ring Die Construction for Transient Protection
VRrm (V) lo (A) VF Max (V) Ir Max (mA) * Ideally Suited for Automated Assembly
20/30/40 5.0 0.55 0.5 * Low Power Loss, High Efficiency
* For Use in Low-Voltage, High-Frequency Inverters, Free
B550CQ/B560CQ
Wheeling, and Polarity Protection Application
! V'Z';;‘ﬁg’) { '?J(:) l Ve ':a/’(‘) () l IR M‘;xb("'” H « Lead-Free Finish; RoHS Compliant (Notes 1 & 2)
* Halogen and Antimony Free. “Green” Device (Notes 3)
* Qualified to AEC-Q101 Standards for High Reliability
« PPAP Capable (Note 4)
Description and Applications Mechanical Data
This Schottky barrier rectifier is designed to meet the general e Case: SMC
requirements of commercial applications. It is ideally suited for use as « Case Material: Molded Plastic.
a: UL Flammability Classification Rating 94V-0
* Moisture Sensitivity: Level 1 per J-STD-020
. Polarity Protection Diode « Terminals: Lead Free Plating (Matte Tin Finish)
. Re-Circulating Diode Solderable per MIL-STD-202, Method 208 &3
e  Switching Diode » Polarity: Cathode Band or Cathode Notch

e  Weight: 0.21 grams (Approximate)

smcC
|
Top View Bottom View
Ordering Information (note 5)
| Part Number | C i | Case | Packagin,
| B5X0CQ-13-F | Automotive | SMC | 3000/Tape & Reel |
* xx = Device type, e.g. B520C-13-F (SMC package)
Notes: 1. EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/883/EU (RoHS 3) compliant. All applicable RoHS exemptions applied.
2. See https /www.diodes com/quality/lead-free/ for more information about Diodes Incorporated's defintions of Halogen- and Antimony-free, "Green" and
Leadfree

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chiorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.

4. Automotive products are AEC-Q101 qualified and are PPAP capable. Refer to https://www.diodes.com/quality/.

5. For packaging details, go to our website at http:/iww.diodes.comV/products/packages.html

Marking Information

B5x0C = Product Type Marking Code, ex: B540C (SMC package)
Jil = Manufaclurers' Code Marking

1N

[ Ji yww } YWW = Date Code Marking

Y = Last Digit of Year (ex: 4 for 2014)
WW = Week Code (01 to 53)
x=23450r6-ie, x=4for B540C

B520CQ - B560CQ 10f6 December 2018
Document number: DS38595 Rev. 2- 2 www.diodes.com © Diodes Incorporated

Downloaded from AOW.EOM.
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B520CQ - B560CQ

®
I M CORPORATERD

Maximum Ratings (@TA = +25°C, unless otherwise specified.)

Single phase, half wave, 60Hz, resislive or inductive load
For capacitance load, derate current by 20%

Characteristic Symbol | B520C B530C B540C B550C B560C Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 20 30 40 50 60 Vv
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 14 21 28 35 42 \'
Average Reclified Output Current lo 50 A
Non-Repetitive Peak Forward Surge Current, 8 3ms | 100 A
Single Half-Sine-Wave Supenmposed on Rated Load LM
Electrostatic Discharge HBM 4000 Vv
Electrostatic Discharge MM 400 A\
Electrostatic Discharge CDM 1 KV

Thermal Characteristics

Characteristic Symbol Value Unit
Themal Resistance, Junction to Terminal ReJt 10 °C/IW
Themal Resistance, Junction to Ambient (INote 6) Raya 50 °C/W
Thermal Resistance, Junction to Ambient (Note 7) Reua 115 °CIW
Themal Resistance, Junction to Ambient (Note 8) Reua 30 °CIW
Operating Temperature Range Ty -55 to +150 °C
Storage Temperature Range TstG -55 to +150 8C

Electrical Characteristics @1a = +25°C, unless otherwise specified )

Characteristic Symbol Min Typ Max Unit Test Condition
B520C, B530C, B540C — 0475 0.55 N | B
Forward Voltage Drop B550C. B560C V§ - 0.575 0.70 A" Ir = 5.0A, Ta = +25°C
Leakage Current (Note 7) IR - U5 A | © aed VT A§= £25°C
. — 20 @ Rated VR, Ta = +100°C
Total Capacitance Cr — — 300 pF VR =4V, f= 1MHz
Switching Speed trr tar o 16 - ns l(|;{=§15)A Ir=1A, Irr=0.25A

Notes 6. Thermal Resistance: Junction to ambient, unit mounted on PC board with 8 0mm? (0.033mm thick) copper pads as heatsink.
7. MRP FR-4 PCB, 20z.
8. With 50mm x 50mm x 23mm Al heatsink
9. Short duration pulse test used to minimize self-heating effect.

B520CQ - B560CQ 20f6 December 2018
Document number: DS38595 Rev. 2- 2 www.diodes.com © Diodes Incorporated

Downloaded from AFOW.COM.



Thick Film Chip Resistors

Feature

+ Small size & light weight

- Save assembly cost.

- Suitable for both wave & re-flow soldering.

« Applications: Navigator, Moblle Phone, Telecom, PDA, Setbox, Meter.

Figures

Type 01005 0201 0402
Size y 7 ;)402 = 07}037 C 1005,
Max. Working Voltage 15V 25V SV
Max. Overload Voltage 30V 50V 100V
Dielectricwithstanding Voltage 100V

1. High purity A
Protect

4, Terminatian (Inpetf NiY Cr
5 Termnaton (Betwes &
& Termnation (Outet) &

0805

'/ 7!(;0’8 3 2012
75V 150V

150V 300V

300V 500V

I 1206 1210
N 3;& » 7322’5
200V ‘;00\/
400v 500V
500V

500V

-55°C T 125°C 155°C
100
T .
50 1 ;
g 01005 0i~3512
: LT ININEE]
i [i] ¢ INJ
-60 -40 220 0 20 40 60 80 100 120 140 160 180

Ambient temperature (")

1812
4532
200V
500V

500V

2010

5025

200V
500V

500V

2512

6432
200V
SO0V
s00V

55~+155°C

63540.10
3204020

05510.10
060+0.25

05040.20

2A

10A

2512

W

Operating Temperature G54125°C  -55~H T B5~HISS T S5a+155C 554155 S6-HIT5C -G5~41S5C  S5~HS5C  -55~4155°C
Type 01005 0201 0402 0603 0805 1206 2018 2010
Limm) 0404002  060+003 ~ 100+010 1604010 200t015 3104015  310:010 4504020 5004010
: 4015 018 .
W(mm) 0204002 | 030£003 | 0502005 0801010 125 i 155 T 260020 3208020 2508020
Dimension  p/ram) 0131002 023003 035005 = 045:010 0554010 055+010 0554010  055+020 056010
Amm) 010:003 0104005 020010 0304020 0404020 - 045+020 = 050025  0S0L020 0604025
B(mm) 0101003 0154005 025010 030+020 0404020 ~ 045:020 0504020 0504020 ~ 050020
Resistance Value of Jumper <50mQ)
Rated Current of Jumper 05A 05A 1A 1A 2A 2A 2A 2A 2A
Max.Overload Current of Jumper 1A 1A 2A 2A SA 10A 10A 10A 10A
. N - - £\ V&
Type 01005 0201 0402 0603 0805 1206 1210 1812 2010
Power Rating at 70°C 13W 1200 16N TA0W - 18w 1/4W 1/4W 1/3W 120 AW AW
Resistance Range of 0.5%(E-96) 10~10M0 10~10MQ 10~10MQ 10~10M0) 10~10MQ 10~10MQ 10~10MO  10~10MQ
. 100~ 1[92 001~ 010<R  001QsR 010k  0010<R .
Resstangs Rait of 162 9E196) 10MQ 10M0 1M <iOMQ 010 <loMQ <010 GOIGEI0M0
. 0010~ 0I10<R  00I0<R 0I0<R  0010<R
Resistance Range of 5%(E-24) 10~10MQ e G Soun Sk <o 0010~10M0
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Thick Film Chip Resistors
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Performance Specifications

Temperature coefficient

Short-time overload

Insulation resistance

Dielectricwithstanding voltage

Terminal bending
Soldering heat

Solderability

Rapid change of temperature

Humidity (Steady State)

Load life in humidity

Load life

01005: 10Q<R<10{X: -200~+600ppm/°C 0603: 0.010<R<0.0302:+1500PPM/C
100<R<1000): +300ppm/°C 0030<R<0.050:41000 PPM”C
100Q<R< 10M(Y: £200ppmy/°C 0050<R<1x+800PPM”C

0201: 10<R<1002: -100~+350ppm/°C 10<R<100x: £200PPM/°C
>100): +200ppm/°C >100:+100PPW/C

0402 10<R<100x +200ppm/°C
>100): +100ppm/°C

+5%, + 2% +(2.0% + 0.050)
+1%, + 05%: +(1.0% + 0.050)
01005 +5% +1%:+(2.0% + 0050)

> 1,000 MO

No evidence of flashover, mechanical damage, arcing or insulation breakdown
~(1.0%-+0050) .y
+(1.0% + 0050)

Coverage must be over 95%

5%, + 29%(1.0% + 0.050)
1%, + 05%: +0.5% + 0.050Q)
01005 £5% £1%:%(1.0% +0.050)

£5%, % 2% +(3.0% + 0.050)
5% + 0.050)
% (-55°C~1 25°C):+(2.0% -+ 0.050)

+5%, £29% +(3.0% +0.05Q)
£19%, £0.5%; H1%+ 0.0500)
01005: £(3.0% + 0.050)

+5%, + 2% +(3.0% +0.050)
1%, £ 0.5%: (1% + 0.050)
01005: £(3.0% +0.050)

+ Resistance value which doesn't belong to E-24 and E-96 Series Standard Values s available case by case.

Ordering Procedure (Example: 1206 1/4W 5% 1.2 Q T/R-5000)

¥, 2470\ |G ANETT- D0 7 2N

!

R I

0805, 1206, 1210, 1812, 2010, 2512
00102 <R <001 50 £1500ppm/°C
001502 < R <0.03(2:+1000ppm/°C
0030 <R <102 +800ppm/°C
10<R<100): +200ppm/°C
>100: +100ppnv°C

Product Type: Wattage: Tolerance: Packing Type: Packing Qty.:
Fill-in 4 digits Fill-in 2 digits with the codes as follow: D=105% T=TR 1=1,000pcs
with the Chip WH = 1/32W WM = 1/20W WG = 1/16W F=+1% B=Bulkin Poly bag 2=2,000pcs
resistor typeas | | WA=1/10W W8=1/8W WA =1/4W G=12% C =Bulkin cassette
follow : W2=1/2W . 07=3M4W W=1W J=15%
0105(01005), =
0201, 0402, (=10,000pcs
0603, 0805, - D=20,000pcs
1206, 1210, Resistance Value : E=15000pcs
1812, 2010, 5% (E-24 series) : H=50000pcs
2512, 2002 the 1%t digit is *0, the 2 & 31d digits are for the significant figures of the feslstance and the 4th 1=60,000pcs

indicate the numbers of zeros following

<1%l( E-24, E-96 series):
the 15t to 3'd digits are for the significant figures of the resistance and the 4N indicate the numbers of
2eros folowing

A

Special Featu
E= Lead Free (standard)

Remark: For more detalls, please check page 135, Part No. System




m Part No. System

p5e
£

4.The 8th to 11th digits s to denote the Resistance Value:

a,

b)

C
d

€)

For the standard resistance values of £-24 series in 5% & 10% tolerance, the 8th digitis "0", the 5th & 10th digits are to denote the significant
figures of the resistance and the 11th digit is the number of zeros following
For the standard resistance values of £-96 series in <2% tolerance, the 8t digit to the 10th digits are to denote the significant figures of the
resistance and the 11th digit is the number of zeros following.
For the code to the significant figures to E-24 & E-96 series, please refer to page 170 & 171 of the standards Resistance Value list.
The following numbers and the letter codes is to be used to indicate the number of zeros in the 11th digit:
0=10° 1=10' 2=10 3=10° 4=10 5=10° 6=10°
J=10" K=10" L=10? M=10" N=10" P=10°
For Cement Resistors the 8th digit will be coded with "W" or "P" to denote Wire-wound type or Power Film type respectively of the Cement
Fixed Resistor proudct. The 9th to 11t please refer to point 4.a

Example:
E-24 serfes E-96 series Cement Resistors
0120 =120hm 1210 =121 ohm W120 =12 ohm Wire-wound type
0123 =12kohm 1302 =13Kohm W12J =12 ohm Wire-wound type
012) =1.20hm 196) =19.60hm P273 =27 kohm Powe Film type

5. The 12th, 13th & 14th digits;

136

a)

b

C

d

e

f)

The 12t digit is to denote the Packaging type with the following codes:

A =Tape/Box (Ammo Pack) C=Bulkin Cassette (for Chip product)

B =Bulk /Box T=Tape/ Reel P =Tape / Box of PT-26 product
The 13t digitis normally to indicate the Packing Quantity of Tape/Box or Tape/Reel packaging types. Except for Chip products Bulk packing,
this digit should be filled *0" or other products with "Bulk/Box packaging requirement. The following letter codes is to be used for some

packaging quantities.
A=500pcs B =2,500pcs C€=10,000pcs N =12,500pcs E=15,000pcs
D =20,000pcs G=25000pcs L=45000pcs H =50,000pcs J=60,000pcs
Example:
CHIP product Other products
TD=T/R-20,000 A5 =T/B-5,000
TE=T/R-15,000 TB =T/R-2,500
14 =T/R-4,000 B0 =8/8
Forthe Forming type products, the 13th & 14t digits are used to denote the forming types of the product with the following letter codes:
MF="M type with Flattened lead wire FO=Ftype
MK= M type with Kinked lead wire FI =F1 type
ML= M type with normal lead wire F2=F2type
MC= Mtype with kinked lead wire F3=F3 type

For power rating over 100watt, the 12th to the 14th digits are to denote the actual wattage of the products:
Example: 100.= 100watt 150 = 150watt 225=225watt
For some products, the 14th digit alone can use to denote special features or additional information with the following codes:
P =Panasert type 1= Avisert 1 type 2 =Avisert 2 type
3 = Avisert 3 type A=CO1/4W-Atype B =(0 1/4W-Btype
E = used to denote the *Environment Protection, lead Free type” of SMD category resistors (now, this became the Standard type of SMD)
For some products, the 14th digit alone can use to denote special features or additional information with the following codes:
B=1/32W G=1/16W  F=1/10W G=1/8W H=1/6W J=1/AW K=1/3W M=1/2W
N=3/4W  P=IW S=Special

123
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MLCC is an electronic part that temporarily stores an electrical charge and the

\ a most prevalent type of capacitor today. New technologies have enabled the
) * MLCC manufacturers to follow the trend dictated by smaller and
'_\r & smaller electronic devices such as Cellular telephones, Computers, DSC, DVC

General Features i // L

- Miniature Size

- Wide Capacitance and Voltage Range

- Tape & Reel for Surface Mount Assembly
- Low ESR

Applications \ ‘Q

- General Electronic Circuit

Part Numbering { \b '

@
o
3
CL 10 B 104 K B 8 N N N C o
O © ¥ 0 6 06 0V © ¢ v g
g
@ Ssamsung Multilayer Ceramic Capacitor @ Thickness Option g
(2] Size(mm) ©® Product & Plating Method %
(3] Capacitance Temperature Characteristic © Samsung Control Code @
@ Nominal Capacitance {* Reserved For Future Use
© Capacitance Tolerance @ Packaging Type

@ Rated Voltage

@ samsung Multilayer Ceramic Capacitor

A SIZE(mm)
N T A )
03 0201 0.6 < 0.3
05 0402 1.0 X 0.5
10 0603 1.6 x 0.8
21 0805 20 x 1.25
31 1206 3.2 X 16
32 1210 3.2 % 25
43 1812 45 X 3.2
55 2220 8.0 X< 5




melnside Edge
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© CAPACITANCE TEMPERATURE CHARACTERISTIC

w ELECTRO-WECHANICS

c coG ca 0+30(ppm/ C)

P P2H P 150+ 60

R R2H RA 220+ 60

s Class | S2H sa -330+60 55 ~ +125T
T T2H TA 470460

u u2J ua 750+ 60

i s2L sa +350 ~ -1000

A X5R X5R +15% 55 ~ +85C
B X7R X7R +15% 55 ~ +125T
X S Py X6S X6S +22% 55 ~ +105C
F Y5V Y5V +22 ~ -82% -30 ~ +85C

% Temperature Characteristic
cA C0G C0G C0G C0G
PA - P2J P2H P2H
RA - R2J R2H R2H
SA - S2J S2H S2H
TA - T2J T2H T2H
ua - u2J u2J uaJ

J 1 £120PPM/C, H : £60PPM/C, G : £30PPM/C

O NOMINAL CAPACITANCE

Nominal capacitance is identified by 3 digits.
The first and second digits identify the first and second significant figures of the capacitance.
The third digit identifies the multiplier. 'R’ identifies a decimal point.

@® Example

1R5 1.5pF
103 10,000pF, 10nF, 0.01F
104 100,000pF, 100nF, 0.1 F

@
o
=
o
o
(2]
o
o
o
5]
e
=
7]
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© CAPACITANCE TOLERANCE

+£0.05pF

+=0.1pF

Less than 10pF

+0.25pF
e (Including 10pF)

+0.5pF
+1pF

+1%

+2%
+5%
+10%

More than 10pF

+20%

N 2 X« @|/m 7 |o o w|>

+80, -20%

O RATED VOLTAGE

@
o
>
o
o
O
o
o
o
o
o
o
7

R 4.0V D 200V
Q 6.3V E 250V
P 10v G 500V
o 16V H 630V
A 25V | 1,000V
| 35V J 2,000V
B 50v K 3,000V
(o4 100V




@ THICKNESS OPTION

melnside Edge

that shapes the Future

w ELECTRO-WECHANICS

1.25+0.20

'~ 0201(0603) 3 030+0.03 F
" 0402(1005) 5 050+0.05 H 164020
0603(1608) 8 0.80+0.10 1812(4532) I 2.04020
A 065+0.10 J 2.54020
c 0.85+0.10 L 3.24030
- 0805(2012) F 125+0.10 F 1.25+0.20
Q 12540.15 H 164020
Y 1.2540.20 2220(5750) 1 2.04020
c 0.8540.15 J 2.540.20
© 1206(3216) F 1.25+0.15 L 3.24030
H 1.640.20
F 12540.20
H 1.640.20
- 1210(3225) I 2.040.20
‘ J 2.6+0.20
| v 2.540.30

© PRODUCT & PLATING METHOD

A Pd Ag Sn_100%
N Ni Cu Sn_100%
G Cu Cu Sn_100%

© SAMSUNG CONTROL CODE

Array (2-element) N Normal
Array (4-element) 4 Automotive
High - Q L LICC

@
o
=
o
o
(2]
o
o
o
5]
e
=
7]
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@ RESERVED FOR FUTURE USE

’ Code Description of the code

N Reserved for future use

& PACKAGING TYPE

packogng Tpe || Cote | Packging Tye
B Bulk F Embossing 13" (10,000EA)
P Bulk Case L Paper 13" (15,000€A)
C Paper 7" 0 Paper 10"
D Paper 13" (10,000FA) S Embossing 10"
E Embossing 7"

APPEARANCE AND DIMENSION "~ ' SiS

@
o
3
o
g
(2]
o
o
15
)
)
@

_.
-
§«|

= N
e e s A

03 0201 06 + 003 | 03+ 003 0.33 | 0.15 + 0.05
05 0402 |- 1.0 % 0.05 0.5 + 0.05 0.55 | 0.2 +0.15/-0.1
10 0603 I 16 + 0.1 0.8 + 0.1 09 0.3 +0:2
21 0805 : 20 + 01 1.25 = 01 135 0.5 +0.2/-03
320,15 : 1.6 = 0.15 1.40 0.5 +0.2/-03
3 1206
32 £02 1.6 + 0.2 1.8 0.5 +0.3/-03
32 +03 2.5 %02 2.0
32 1210 06 +03
| 32+ 04 25+ 03 2.8
43 1812 ‘ 45 + 04 32403 35 08 + 0.3
55 2220 ‘ 57 + 04 50 = 04 35 1.0 £ 0.3




RELIABILTY TEST CONDITIO

No A Exterior App e

g g )
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Through Microscope(x10)

10,000M2 or 500M24F whichever is smaller

Insulation
2 Apply the Rated Voltage For 60 ~ 120 Sec.
Resistance Rated Voltage is below 16V |
10,000M2 or 100M2-4f whichever is smaller
ClassI . 300% of the Rated Voltage for 1~5 sec.
w No Dielectric Breakdown or :
3 ClassII 250% of the Rated Voltage for 1~5 sec. is applied
Voltage Mechanical Breakdown
with less than 50s: cument
Capaci Freq Voltage
Class
Within the specilied lolerance = 1,000pF M +10%
1 05 ~ 5 vims
% Capacita >1,000pF 11z #10%
nce C Frequency Voltage
Class .
1 - Within the specified tolerance < 104F 14z £#10% 1.0:02Vms
>104F 120H2+20% 0.5£0.1Vms
2 Capacitance = 30pF : Q =1000 C: Fr Volitage
lass.
1 5 Q i < 30pF. @ =400 +20C = 1,000 pF 1 +10% ot By
5% ms
( C . Capacitance ) >1,000pF 11 +10%
1. Characteristic : A(XSR), B(X7R), X(X6S) Capaci Frequency Vollage
Ratod. Voliage Spec < 1047 142 410% 1.0£02Vms
10 120Hz+20% 0.5:£0.1Vm:
| > 25V 0.025 max il tes B
16V 0.035 max
' 10v 005 max
6.3V 005 max 0.10max"' *1. 0201 C=0.022uF, 0402 C=0.22uF, 0603 C=2.2uF,
0805 C=4.7uF, 1206 C=10uF, 1210 C=22uF,
) SSChraerstic (E R 1812 C=47uF, 2220 C=100uF,
: araclersic(il ) All Low Profile Capacitors (P.16).
2 =0 =2 ]
3 L - Class Rated Vollage Spec e QEOMO 0047uF. USURE1UF
*3. 0402 C=0.033uF, 0603 C>01uF
7 cithd S5 mdy 0.07ngs2 All 0805, 1206 si; 1210 C< 6.8uF
3sv 0.07 max : & .
*4.. 1210 C>6.8uF
] 25V o'oi g s *5. 0402 C=022uF
0.07 max*/ 0.09max’ Al 1612 Sie
1 16V 0.09 max/ 0.125max"*
10V 0.125 max/ 0.16max"®
6.3V 0.16max

@
o
=
o
8
O
2
o
L
(2}
2
o
7
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RELIABILTY TEST CONDITION ]

Capacitance shall be measured by the steps
— Termh. Coaicent shown in the following table.
aEcepis (PPWT) Step Temp.(C)
C0G 0+ 30 1 25 2
Class PH -150 * 60 2 Min. operating temp. = 2
3 £
i RH 20 * 60 3 25 - 2
SH -330 =
P il 4 Max operating temp = 2
TH -470 £ 60 5
5 25 =
uL -750 £ 120 — ;
{
SL +350 ~ -1000 0 s
Temperat Coefficient shall be calculated from
T the formula as below
7 Characteristics :
Temp, Coefficient = L2-61 3 1¢* [ppm/T]
of Capacitance C1XAT
C1, Capacitance at step 3
C2: Capacitance at 85T
Capactance Change
Charactenstics vith No Bias AT: 60T(=85C-25C)
Class AXS5RY ~15%
i B(X7R) (2) CLASS It
X(X6S) 2% Capacitance Change shall be calculated from the
F(Y5V) 422% ~ 82% formula as below.
gy Ee=Clpsat 00006)
c1
C1; Capacitance at step 3
C2: Capacitance at step 2 or 4
| Apply 500g.f * Pressure for 10+ 1 sec.
* 200g.f for (201 case size.
8 Adhesive Strength No Indication Of Peeling Shall Occur On The
of Termination Terminal Electrode.
‘ 00 1
Bendng limit ; 1mm
Al ance | No mechanical dama hall occur.
REE" R e e Test speed ; 1.0mm/SEC.
Keep the test board at the lmit pont in 5 sec.
Charactenstics Capacitance Change B P ! :
Then measure capacitance.
Within £5% or = 0.
Class | 5 pF  whichever is 20
larger M R=230
9 Bending 50
Strength ) A(X5RY ‘
PACHETT BIXTRY | Within +12.5% W —
X(X6S) = ?
| . , l Bending limit
Class Il 45=1 45
F(Y5V) | Within =30%

@
1)
=
(1]
g
(¢
1Y)
°
Y
2}
o
!
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More Than 75% of the terminal surface is to Solder Sn-3Ag-0.5Cu 635n-37Pb
be soldered newly, So metal part does not Solder
come out or dissolve Tatip 245:5C 235¢5T
10 Solderabilit;
R Flux RMA Type
e Dip Time 3+0.3 sec 5+05 sec.
Pre-heating | at 80~120C for 10~30 sec
App No d shall occur Solder Temperature : 270+5C
Characteristics Capacitance Change | Dip Tme : 1041 sec.
Within +2.5% or Each temination shall be fully immersed and
heated b 3
Class 1 +0.25pF whichever is prEiEaeasibehw
larger
C -
ALX5RY N STEP | TEMP(T) TIME(SEC)
in +7.
‘ B(X7R) 1 80~100 60
Class I
‘ X(X6S) | Within +15% : 4o0=180 L
19 Resislance to F Within 120% Leave the capacitor in ambient condition for
Soldering heat Capacitance =30pF : Q= 1000 specified time* before measurement
Clao I <pF - Q= 400+20xC * 24 +2 hours (Class I)
L8 { (C: Capacitance) 24 + 2 hows (Class 1)
| Tans X LX)
Within the specified initial value
(Class II)
|
Insulation v g N A2
Within the specified initial value
Resistance
Withstanding {
| Within the specified initial value
Voltage
Appearance No mechanical damage shall occur.
Ch Capaci Change
‘ Within +2.5% or The ca?acitor shall be subjected to a
Class 1 +0.250F whichever is Harmmonic Motion having a total ampltude of
‘ larger 1.5mm changing frequency from 10Hz to 55Hz
Cap e and back to 10Hz In 1 min.
AXSRY |
Within £5%
¢ Class B(X7R) g
- Vbration Repeat this for 2hours each in 3 mutually
T I X(X6S) | Within £10% "
est perp directions
F(Y5V) | Within +20%
Q
Within the specified inttial value
(Class 1)
Tand
Within the specified initial value
(Class 1)
Insulation
Within the specified initial value
Resistance

@
o
=
o
o
O
&
T
o
o
=4
=
7]
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RELIABILTY TEST CONDITION l

Temperature

SAMSUNG
ELECTRO-MECHANICS

Appearance | No mechanical damage shall occur. c 4012 T
Characteristics Capacitance Change Relative humidity : 90~95 %RH
Within +5.0% or +0 5pF Duration time : 500 +12/-0 hr.
Class I "
whichever is larger
Capacitance AXBRY Leav? the capacn?r in .ambnem
Class BX7RY Within +125% condition for specified time* before
I X(X63) measurement
e v v g CLASSI @ 24+2 Hr.
Nl g CLASSII - 24%2 Hr
a Capacitance = 30pF . Q= 350
Fumilty Glass1 | 105 Capaciance <305 - Q= 275 + 2.5
13 (Steady Capacitance < 10pF : Q= 200 + 10xC (C: Capactance)
State) 1. Charactenstic - A(X5R), [2. Charactenstic - F(Y5V)
B(XTR)
1 0.05max (16V and over) 0.076max (25V and over)
Tah & 0.075max (10V) 0.1max (16V, C<1.04F)
1 CLASS T |0-075max 0.125max(16V, C= 1.04F)
6.3V except Table 1) 0.15max (10V)
0.125max* 0.195max (6.3V)
(refer to Table 1)
Insulation
1,000 M2 or 50M24F whichever is smaller.
| Resistance
| App No chanical d: shall occur. Applied Voltage - rated voltage
Characteristics Capacitance Change = =5 o
Humidity : :90~95%RH
dbadi Within +5.0% or  +0.50F Duration Time - 500 +12/-0 Hr.
| whichever is larger ChargeDischarge Current : 5084 max.
AX5RY Within £12.5%
Chhciihos BX7RY Within +12.5% Perform the initial measurement according to
X(X6S) | Within +30% =8
] Class I Within +30%
F(Y5V) Perform the final measurement according to
1 Within 30% Note2.
Moisture Q Capacitance =305 : Q= 200
14 Resistance (Class 1) | Capacttance <30pF : Q= 100 + 10/3xC (C: Capacitance)
1. Charactenstic - A(X5R), 2. Charactenstic - F(Y5V)
B(X7R)
0.05max {16V and over) 0.075max (25V and over)
0.075max (10V) 0.1max (16V, C<1.04F)
PS 0.075max 0.126max(16V, C= 1.04F)
Tand
(Class 1) | (6:3V except Table 1) 0.15max (10V)
0.125max* 0.195max (6.3V)
(refer to Table 1)
X(X6S) 0.11max (6 3V and below)
Insulation

Resistance

500 M2 or 25M2-uF whichever

15 smaller.
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RELIABILTY TEST CONDITION I

et

TN

Applied Voltage = 200%* of the rated voltage

Appearance | No mechanical damage shall occur.
T - max operating terrperature
Charactenstics Capactance Change Duration Time - 1000 +48.0 H.
Within +3% or +0.3pF, ChargeDischarge Curent - 50mA max.
Class I
Whichever is larger
* refer to table(3) : 1500/100% of the rated
5R
Capactance AOSRY. | vithin +125% Volizge
B(X7R)
Class I X(X6S) | Within +25% Perbm he iniiad measurement according fo
Within +30% Notet for Qass 1T
F(Ysv)
Within +30%
Q Capacitance =30pF © Q > 330 Perbm the final measurement according ©
( I 10= Capacitance <30 pF @ Q = 275 + 2.5xC Note2.
Capacitance < 10p7 :Q =200 +10xC (C: Capacitance)
1 Hgh 7. Charadierisiic - ADGR), | 2. Charadioristic © F(Y5V)
15 | Temperature BX7R)
Resgiita 0.05max 0.075max
(16V and over) (25V and over)
0.075max (10V) 0. 1max(16V, C<1.047)
! Tand 0.075max 0.125max(16V, C=1.04F)
(Class 1) 6.3V except Table 1) 0.15max (10V)
0.125max" 0.195max (6.3V)
(refer to Table 1)
X(X6S) 011max (6.3V and below)
| Insulatio
‘ NSUANoN 4 500 MO or 50KQsF whichever is smalier.
Resistance
Appearance | No mechanical damage shall occur. Capacitor shall be subjected to 5 cydes.
Characteristics Capaditarce Change Condition for1, eyde :
i Within +2 5% or +0.250F Step Tenp.(T) | Tme(mn.)
S
Whichever is larger . Min. operating 5
Capactance AKSRY | temp.+0/-3
Within £7.5%
Class BX7R)/ 2 25 2-3
16 Temperature o X(X6S) | Within +15% 5 Max. operalting %
Sycle F(YSV) | Within +20% temp.+3-0
Q 4 25 3
Within the specified initial value
(Class 1) Leave the capacitor in ambient condition
Tand o R for spedafied time* before measurement
(Glss ) Within the specified initial value * 24 + 2 hous (Class 1)
Insulation 24 + 2 hours (Class II)

Resistance

Within the spedfied initial vale
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RELIABILTY T CONDITION

I

: SAMSUNG
meInside Edge w ELECTRO-MECHANICS

Recommended Soldering Method

Recommended
Soldenng Method
By Size & Capacitance

Size Temperature ) Condition
Capacitance =
inch (mm) Charactenstic Flow Reflow
0201 (0603) N
0402 (1005)
Class | - o] o
0603 (1608) C < 14 o o)
Class Il
c= 1uf o)
Class | _ o o
C < 4TF fe) o)
0805 (2012) Class Il
C = 4.7F z o
Anay & e 0O
Class | - (o) o
C < 1047 (@] '®)
1206 (3216) Class Il
C = 104 - (0]
Amay 4 ~ o
1210 (3225) o
1808 (4520) 5
1812 (4532) " 5 o
2220 (5750) )

Note1. Initial Measurement For Class I

Perform the heat teatment at 150T+0/10C for 1 hour. Then Leave the capacitor in ambient condition for 48+4 hours hefore measurement

Then perform the measurement.

Note2. Latter Measurement

1. CLASS1

Leave the capacitor in ambient condition for 24+2 hours before measurement

Then perform the measurement
2. Class I

Perform the heat treatment at 150C+0/-10°C for 1 hour. Then Leave the capacitor in ambient condition for 48+4 hours before measurement.

Then perform the measurement

‘Table1. *Table2. *Table3.
Tand 0.125max* High Temperature Resistance test High Temperature Resistance test
0201 C =0.0224F 4C (YSV) * 30% Applied | 100% of the rated | 150% of the rated
0402 C =0.224F 0402 C = 047/F Voltage voltage voltage
0603 C =224 >
i e, e e 0201 C 2014F 0201 C 20022/
Class I T Fo | GONONG T 0402 C =104 0402 C 20474
1208 C =10.04F 2 1206 C = 10.0/F Class IT : :
A(X5R), y F(Y5V) S 0803 C =47, 0603 C =224F
1210 C 2220:F 1210 C = 2204F A(X5R),
BX7R) RS 0805 C =2204F 0805 C =47,F
1812 C =47.04F 1812 C =470/ B(XTR),
2220 ¢ 510004 = e e 2 X(X6S), 1206 C =47.04F 1206 C =10.04F
e 220' =00 " 11210 ¢ 21000F 1210 ¢ 22201
All Low Profile F(Y5V) X 3
All Low Profile 1812 C =47.04F
Capacitors (P.18). - $
Capacitors (P.18). 2220 C =100.04F
Note3. All Size In Reliabilty Test Condition Section is “inch”
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that shapes the Future.

PACKAGING '

@® CARDBOARD PAPER TAPE (4mm)

SAMSUNG
ELECTRO-MECHANICS

Feeding Hole Chip Inserting Hole
= - /
C\' pany Y o D 7N E
] A Y & PR v &
! <= F
L (e e e e
il Bl L }
i i t
(7] N EEE RN
WV —P0 | _Plls—Ph
unit : mm
Y e S
A B F P PO D t
Type  ° a e /; \F(,, N ~
D | o603 11 [ 19 1 |
1] (1608) | 202 | 102 | |
m - ‘
e ogos | 16 | 24 8.0 ‘ 35 175 40 20 | 40 o15 | 11
: (2012) 202 1 -*02 +03 +005 01 | +04 +005 } +0.1 +0.1/0 | Below
: ‘ |
o | 1206 | 20 | 36 ! ! |
n | (3216) | 02 | 02 ; 1
@® CARDBOARD PAPER TAPE (2mm)
Feeding Hole Chip Inserting Hole D
o A P FamY E
z e/ )\/ N 3/
= ! F
[ v
|
NN | b
! ¢ - 4 = : y
unit : mm
Symbol ’ ) F’(
T Nena e 2] o |
D | \
i 0201 038 068 v
m | (0603) | 003 | 003 ' 1003
e 8.0 35 1.75 20 20 4.0 1.5
1 +03 +0.05 0.1 +005 | +005 | 01 |+0.1/003
i 0402 062 112 -
o | (1005) +0.04 | +0.04 | ‘ +005
n
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PACKAGING i

® EMBOSSED PLASTIC TAPE

_—

: SAMSUNG
The
Inside Edge w ELECTRO-MECHANICS

Feeding Hole Chip inserting Hole
S
% T b ya Vs pa E
= S -~ € o
e &
] sa i B B "
-1 Y s :
L L] (B (R R B4
i 4 1
PO P P1
unit - mm
o~
i R\, 50 S INR O o — ®
pe 7
0805 | 145 23 |
‘ (2012) | 102 £0.2
1206 19 35 80 | .35 40 25
D @216) | 202 +0.2 0.3 +0.05 +0.1 max
m [1210 " 29 37 . 94
e |(3225)| 102 10.2 175 2.0 4.0 +0.1/-0 b
e [T1s08 | 23 49 +0.1 +0.05 +01 L Below
i | 4520) | 102 £0.2
(7o ["18127| 36 19 1210 | 5560 8.0 38
! (4532) | 0.2 0.2 0.3 10.05 £0.1 max
2280 1 PO 62
(5750) | £0.2 £0.2 |
@ TAPING SIZE
Empty Section Empty Section Loading Section
L 45 Pitch 1 Packed Part ] 50 Pitch 35 Pitch |
) et T |
o W30 o Rohlico o Wo7o 41& S
END START
4 J
Symbol  Siz r size
Al Size =a216
0201(0603) 10,000 1210(3225)1808(4520) 2,000
(1<16mm)
7" Reel C 0402(1005) 10,000 E 1210(3225)(t=2.0mm) 1,000
OTHERS i 4,000 1808(4520)(t=2 Omm) 1,000
10" Reel o0 Iy = 7 0000 LI o> 4
| All Size =3216
0402(1005) | 50000 1210(3225)1808(4520) 10,000
D (t<1.6mm)
1210(3225)(1 6=1<2.0mm)
OTHERS | 10,000 S eeaa e 8,000
187 Ree! 0603(1608) | 10,000 or 15,000 2 1210(:}23)6113?)“520) 4,000
0805(2012) 15,000 or P
C i | i, i | o
=0.851 R PR
(=0 85mm) | 40,000 57502220 2,000
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PACKAGING ]

@® REEL DIMENSION

B

=Ty

L
©
o
3
o
unit : mm
TR T T TR N T e O
I
1 RN & ==l E
7" Reel ¢180+0/ -3 ¢60+1I -3 1.2+0.2 g‘
T $13+0.3| 25+0.5 | 2.0+0.5 9+15 1.0 o
13" Reel| $330+£2.0 ' ¢$80+1/ -3 22402 7]
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® BULK CASE PACKAGING

- Bulk case packaging can reduce the stock space and transportation costs.
- The bulk feeding system can increase the productivity.

- It can eliminate the components loss.

\@‘"—. \
N
Y
3 (% G $
=
4 (1]
...... $H 8
e L \T '}/ S
A B
(2]
g..
. @
unit : mm
¢ = — TSR L 3 = _p—
L Senbal TSR I BN [ €T VA YYD o g)f
Dimension 6.8+0.1 8.840.1 | 12+0.1 15+0.1/-0 | 2+0/-0.1 3.0+0.2/-0

St E PSR ST I

Dimension | 31.5+0.2/-0 | 36+0/-02 | 19+035 7+0.35 110+0.7 | 5+0.35

® QUANTITY OF BULK CASE PACKAGING
unit : pcs

S,y 0805(2012)
siz 0402
€ m‘h‘" T=0.65mm  T=0.85mm

Quan tity ' 50,000 | 10,000 or 15,000 | 10,000 | 5,000 or 10,000




Panasonic SMT Aluminum Electrolytic Capacitors

Surface Mount Type

A v
Series: S Type : V ¢ 8 &
W Features Endurance: 85°C 2000 h (o v &
5.4 mm (£¢6.3) height, RoHS directive compliant (Parts No:EEE*) U

W Specifications

Category temp. range -40 to +85°C

Rated W.V. Range 4 to 100V .DC

Nominal Cap. Range 0.1 to 1500 p F

Capacitance Tolerance +20 % (120Hz/+20°C)

DC Leakage Current | £ 0.01 CVor 3(p A) after 2 minutes  (Bi-Polar £0.02 CV or 6 (uA}))  (Whichever is greater)

tan & Please see the attached standard products list

Characteristics 25“;“"2(0\’:0 47 Gf "; 162 252 352 502 633 1003 (Impedance ratio

at Low Temperature o :20 ol 5 : 2 5 at 120 Hz)

4 3 4 4
After applying rated working voltage for 2000 hours at +85+2°C and then being stabilized at +20°C,
capacitors shall meet the following limits.

Capacitance change : 20% of initial measured value ftan 3 [£200%ofinitial specified value |
Size code Rated W.V. Cap. change [DC leakage cuvrenthinitial specified value
Endurance A(03]
A3) 1o D)B(w T ] <30% | Inital measured
= 63 WV value for1000
< D{(96.3)Miniature S 10 W | 220% hours
Shelf Life After storage for 1000 hours at +85+2°C with no voltage applied and then being stabilized

at +20°C, capacitors shall meet the limits specified in Endurance. (With voltage treatment)

After reflow soldering (Refer to page 86 for recommended temperature profile) and then
being stabilized at +20°C, capacitor shall meet the following limits.

Resistance to

- it
Soldering Heat Capacitance change t10 /o of lnltlgl measured value
tan ) < initial specified value
DC leakage current | £ initial specified value
W Marking M Dimensions in mm (not to scale)
0.3 max A=02 ( )reference size
Example:50V 1 pF (Polarized =
xample: WF (Polarized) ) V) r___ x] =
e
% i
S g o] o™
Rated voltage % @
(V.DC) e L & oy 8 L
pacitance +0.1 =
Negative polarity 1 (UF) EFGD8=L403 L%52 J_Lw (mm)
marking 2
(No marking for 50 OA—Series Sizel pl L |aB| H Lo WAl P K
the bi-polarity) oo umber)| |[A_|30] 5.4] 33| 4.5uax| 1.5 [055:0.1] 06 [0.35-0.20 o +0.15
B | 40| 54| 4.3| 5.5vax| 1.8 |0.65+0.1] 1.0 [0.35-0.20 to +0.15
Lot number C [5.0] 5.4] 53] 6.5wax| 2.2 |0.65+0.1] 1.5 |0.35-0.20 to +0.15
(No marking = A size) D [6.3]| 54| 6.6| 7.8vwax| 2.6 |0.65+0.1] 1.8 |0.35-0.20 to +0.15
D8 [ 63| 7.7] 6.6| 7.8vax| 2.6 |0.65+0.1] 1.8 |0.35-0.20 to +0.15
E |80]| 6.2| 83| 9.5Max | 3.4 |0.65+0.1| 2.2 |0.35-0.20 to +0.15
F [8.0/10.2| 8.3|10.0MAX 3.4 [0.90+0.2| 3.1 |0.70+0.2
B Case size G [100[10.2{10.3] 12.0mAx 3.5 |0.90+0.2] 4.6 |0.70+0.2
wy(y) [4 0G) 6.3 (0J) 10 (1A) 16 (1C) 25 (1E) 35(1V) 50 (1H) 63(1J) {100 (2A)
Polar-Polar-| Bi- |Polar-| Bi- |Polar-| Bi- |Polar-|Bi- |Polar-|Bi- [Polar-|Bi- [Polar-|Polar-
Cap.(WF)\lized ized | polar |ized | polar |ized | polar |ized | polar |ized | polar |ized | polar |ized |ized
0.1 AB
0.22 AB B
0.33 AB B
0.47 AB B
0 AB B
2 A B AB C
.3 B A B © E
4.7 B B [o] B C CB)| D F(E)
10 B AB C CB)| D C(B) D D(C) F(E)
22 A B(A)[ C (B) C(B)Y| D (C) D(C) E(D) F(E)| G(F)
33 B (B) C(B) (C) D(C) E(D) F(E).D F G
A7 B CB) | D (C) D(C) (D) E(D) D G(F)
100 [6) D(C) D(C) E(D) F(E).D8| G(F).08|_ G(F) G
220 D (D) E.D8 FD8 G(F) G(F) G
330 (D) | ED8 F G(F) G(F) G
470 D8 (= G(F) G(F) G
1000 G(F) G
1500 G

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety arises from this product, please contact us immediately for technical consultation.
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Panasonic

SMT Aluminum Electrolytic Capacitors

® Standard Products

| = Case si'ze i Specification Part No. pgn Nc_'. pa'é‘;i;gmg
| oy | Dia fonatf Size | Ehee | tan g [ Enduc | ey | compiany | Qv
(120Hz) | (120H2) B 2| Taping
(+85°C) | (+20°C), o -4
(V) | (uF) |(mm)/(mm) (mA) (hours) ] 2| (pcs)
22 3 | 54| A 19 | 0.37 | 1000 | ECEVOGS220SR (1) EEE0GS220SR |(4) 2000
33 4 | 54| B 26 | 0.35 | 1000 | ECEVOGA330SR |(1)] EEEOGA330SR [(4) 2000
4 47 4 | 54| B 34 | 0.35 | 1000 | ECEVOGA470SR |(1)| EEE0GA470SR [(4) 2000
100 5 | 54| C 61 0.35 | 1000 | ECEVOGA101SR |(1)] EEEOGA101SR |(4) 1000
220 | 63| 54| D 82 | 0.35 | 1000 | ECEVOGA221SP |(1)| EEE0GA221SP [(4)| 1000
330 | 6.3| 54| D 80 | 0.50 | 1000 | ECEVOGA331WP |(1)] EEE0GA331WP |(4)| 1000
470 | 6.3 | 7.7 | D8 | 200 | 0.35 | 2000 | ECEVOGA471XP [(1)] EEEQOGA471XP |@4) 900
50 3 | 54| A 20 | 0.35 | 1000 | ECEVOJS220WR |(1)| EEE0JS220WR |(4)| 2000
4 | 54| B 29 | 0.26 | 2000 | ECEVOJA220SR |(1)| EEEQJA220SR |(4)| 2000
33 4 | 54| B 22 | 0.35 | 1000 | ECEVOJA330WR |(1)| EEEQJA330WR |[(4)| 2000
47 4 | 54| B 36 | 0.35 | 1000 | ECEVOJA470WR |(1)] EEEO0JA470WR |(4)) 2000
5 | 54| C 46 | 0.26 | 2000 | ECEVOJA470SR |(1)| EEE0JA470SR |(4) 1000
fod 5 [ 564] C 47 | 0.35 | 1000 | ECEVOJA101WR |(1)] EEE0JA101WR |@4) 1000
6.3 6.3 | 54 | D 71 | 0.26 | 2000 | ECEVOJA101SP  |(1)| EEEOJA101SP |(4)| 1000
200 | 63| 54| D 74 | 0.35 | 1000 | ECEVOJA221WP |(1)] EEE0JA221WP |@4)| 1000
Sy 6.3 | 77 | D8 | 188 | 0.26 | 2000 | ECEVOJA331XP |(1)| EEEOJA331XP [4) 900
8 | 62| E | 300 | 0.35 | 2000 | ECEVOJA331P ()| EEEO0JA331P  |(5)] 1000
470 | 8 [102| F | 380 | 0.35 | 2000 | ECEVOJA471P  |[()| EEE0JA471P  |(5) 500
8 |10.2| F | 500 | 0.35 | 2000 | ECEVOJA102UP |2)| EEEQJA102UP |[5)| 500
1000 ™50 102 G | 700 | 0.35 | 2000 | EcEvosAlo2P  |2)| EEE0JATO2P s 500
1500 | 10 |10.2| G | 750 | 0.835 | 2000 | ECEVOJA152P (2)] EEEQJA152P  |(5)) 500
20 4 | 54| B 28 | 0.30 | 1000 | ECEV1AA220WR |(1)| EEE1AA220WR |(4)| 2000
~ 4 | 54| B 29 0.30 | 1000 | ECEV1AA330WR |(1)| EEE1AA330WR |(4) 2000
5§ | 54| C 43 | 0.20 | 2000 | ECEV1AA330SR |(1)| EEE1AA330SR [(4) 1000
47 5 | 54| C 47 0.30 | 1000 | ECEV1AA470WR [(1)| EEE1AA470WR |4) 1000
o0 5 | 54| C 50 | 0.30 | 1000 | ECEV1AA101WR |(1)| EEE1AA101WR [(4) 1000
10 63 | 54| D 70 | 0.26 | 2000 | ECEV1AA101SP_ |(1)| EEE1AA101SP |(4)] 1000
550 6.3 | 77| D8] 173 | 0.20 | 2000 | ECEV1AA221XP |(1)| EEE1AA221XP |@4) 900
8 | 62| E | 250 | 0.26 | 2000 | ECEV1AA221P  |@)| EEE1AA221P  [(5) 1000
330 8 |102| F | 390 | 0.26 | 2000 | ECEVIAA331P  |@)| EEE1AA331P [(5) 500
- 8 |102| F | 390 | 0.26 | 2000 | ECEV1AA471UP |2)| EEE1AA471UP [(5)] 500
10 102 | G | 400 | 0.26 | 2000 | ECEV1AA471P  |(2)| EEE1AA471P |68 500
1000 | 10 |10.2| G | 580 | 0.26 | 2000 | ECEViAA102P  |()| EEE1AA102P |(5) 500
3 | 54| A 20 | 0.18 | 1000 | ECEVICS100SR |(1)| EEE1CS100SR |(4) 2000
10 4 | 54| B | 28 | 016 | 2000 | ECEVICA100SR [(1)| EEE1CA100SR |@4) 2000
he 4 | 54| B 28 0.26 | 1000 | ECEVICA220WR |(1)| EEE1CA220WR |(4) 2000
5 | 54| C 39 | 0.16 | 2000 | ECEVICA220SR |(1)] EEE1CA220SR [(4)| 1000
33 5 | 54| C | 35 | 026 | 1000 | ECEVICA330WR ()| EEE1CA330WR |4) 1000
16 S 5.4 C 39 0.26 1000 ECEV1CA470WR (1_) 5551%4@5,(41 1000
47 |63 |54 | D | 70 | 0.16 | 2000 | ECEVICA470SP || EEE1CA470SP || 1000
i 63| 64| D 70 0.26 | 1000 | ECEVICA101WP [(1)] EEE1CA101WP |4)| 1000
8 | 62| E |200 | 0.20 | 2000 | ECEVICA101P || EEE1CA101P  |(5) 1000
oo |83 [ 77| D8|162 | 0.16 | 2000 | ECEVICA221XP  [(1)| EEE1CA221XP |4 900
8 |102| F | 280 | 0.20 | 2000 | ECEVICA221P _ |2)| EEE1CA221P _ [(5) 500

An explanation of the taping dimensions can be found on page 84.
Reflow profiles can be found on page 86.

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.

Whenever a doubt about safety arises from this product, please contact us immediately for technical consultation.

E-mail: 62201022@kmitl.ac.th
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