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Abstract

The purposes of this research is to describe Creating .and designing LED

Direct AC Drive circuit along with coding program for micro-controller circuit that
using Arduino board. LED Direct AC Drive circuit, FL77944 is driven directly by AC that
rectified by bridee diode, and a capacitor is to provide stable voltage. Working
process of FL77944 is controlled by micro-controller circuit that able to select
operation modes by dimmer button switch and display to the LCD. This Dimmable
High Power LED Direct AC Driver provides phase-cut dimming with-wide dimming
range, smooth dimming control and good dimmer compatibility. It achieves high
efficiency with high PF-and low THD, which makes this Dimmable High Power LED
Direct AC Driver suitable for. high-efficiency LED lighting systems. Dimmable High
Power LED Direct AC Driver-can also be used with a rheostat dimmer switch which is
suitable for desktop or indoor lamps. Available modes: 1. Turn on and turn off LED,
2. Control period of switch on time and switch off. time, 3."Control LED’s brightness,
4. Control period of time while LED increasing or decreasing brightness linearly by
Related circuits: 1. LED driver circuit, 2. Micro-controller circuit, 3. LED circuit, 4. Timer
delay relay circuit, 5. Power supply 5 V, 6. DC-DC voltage regulator 5 to 12 V By
Hardware and software ratio 50:50With The ratio between Hardware and software for
50 to 50.
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1.1 anudusuazaudrdgyvesdamn (STATEMENT AND SIGNIFICANCE
OF THE PROBLEMS)

Uagiuinimunssuuuasaindldinganslilalenvamas  Jssndudeddnaloms
nihiifisengeuazfounnlug Wumelulad uwdsddliuuuadeds Fagnéngaanisaudni
\@nnd wazgnndt deagmandenisidon

2935 FL77944  hawssandmsutulalonildaasielnihnssuaadu e
AufaIn1sgUnIaldiannseiinduvuinadwnioueniies - dealivuinvesnasivundn
anunsaussluduavuinanld Teesasiununewenlidusulsuraweslaloademas
uazdifuUszantguenlddwiudsunssiulmFeudedewdulimideudasswnely Tl
Afuvuadlamenis.Uasuia dynrmeuiaen uay SyYIMPWM Siainsoniuauldlag
NTIMUALMELeNTIaBNInBaNL LA TR ld e saAfR NS ETlaiFunnvinaud
vianuagLagAeInsTIAGEN . anfeaty  nadlussesaaiitaundiviulnlulse

Ameund sananlunsa-Unlndmsulnastes (uauy

1.2 A2usaviane wazingUszasAveaenIsAne (GOAL AND OBJECTIVE)

1. iefnynesrudwivivlalenasamelninssiadsu
2. wiehanuiiiseunssendldauase

3. @39999IAIUANAIEUEN

1.3 duyfigiuvesnisAne (HYPOTHESIS TO BE TESTED)
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1.4 vaUwAYRINITANET (SCOPE OR LIMITATION OF THE STUDY)
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MANNITUAZNG YY)

2.1 299558anszualwAuUUSad (bridge rectifier circuit)

2as3sanseudliihuuuuiadiduinssesnseualwihuuuifueduedanil seide
Ae  annsald  soudundeulassssuals  Ieglusnuduseddnsiouasedawuneduny
(center tap transformer) lagasasideanszualniwuvuiadanunsoutsoonlaidu 2 ¥iln
Wwuty A sBsanseudliiuuuuiaduain  uazisesdeenseualwiuuuuiadau lae

wiazyladseazidannatl
2.1.1 29351309n sewa MWL U YAGUU2n

=Y 1 o A
1995 58ansenalWiuuuUsaduan AN NATIARIIUN 2.1

'-. LA -‘J
=

(]
-
=

Bridye rectifier

coabowt
U 2.1 Mehnuvenasseanssugihuuuiiniuan

Al P2 o 1 s C I = @ o o
Pngun 2.1 Wevinmsladuaarumdninput) Inuinvesiwiinssuaadu lalansian
D2 wax D3 avegluannyludanss (forward bias) nszualwirielnansuians indgyaime
L7 A U L .
ean(output) lnglaleninaus avegluannzludandu(reverse bias)
Twineadeaiu dedyaimwnd (nput) aduludunndnau leloadafl D4 was

D1 9zeglu anneludanss (forward bias) nszudlwindalvansuians \edye uaeen

@ L [ .
(output) Intlalensaus 9z egluan1izludanau (reverse bias)



2.1.2 2995589nszua AL UiuAduaU

- a \ 2 P |
199915 8ansERA T L ULUS AT UaN @11150092495lARIUR 2.2

Irypurt bricze rectifler output

UM 2.2 mevituwvensesisanszualiiiuuuiadau

- - o 1O 19 ') P a w o
MNUN 2.2 idisvinslddnyeanaidn (input) Enusnvesininssuaadu lalondai

[

D1 wax D4 92 agluannludansd (forward bias) nszualwihidluansuies Andyaa

o o @ o "
v1een (output) lnvlalendug sxagludnnzlusandu (reverse bias)

Twihweudenin edyainwnd (nput) adududunainay laleasnil D2 way

= ol

D3 azaglu annzludanss (forward bias) nszualairdsluansuies eduauoen

o ) %) S
(output) Inelelansndug 92 agluanigludandu (reverse bias)



2.2 Arduino

2.2.1 Arduino faagls

Arduino 811431 (81-9-8-1 %38 8198Ty) Lﬁwa's‘mlmiﬂ'iﬂauiml,aa'imizga AVR 73l
N1SAILUY Open Source Aafin1siUnwmedoyanssn Hardware wag Software & vasa
Arduino  gnesnwuunnlildeulsde avdudamngdwiudisuiudne  Melldldeuds

hY)

anusasauLlal LY Nausegaaiasnuase wislusunsusalesnse

Auhvesuein Arduino Tun1sdegunsaliadurneg Aedldeuausarersesdidn

= L1 v - I 2 A I3 o ' a' =} -
NIDUARINANGUBNUAATDUADIY NN /O vasuRin (fee1a5ufl 2.3 n) wialilan
dgmInannIniiensienuuainadil (Arduino Shield) Uszlimeineg (giheegaguil 2.3 1) 1y
Arduino XBee Shield, Arduino-Music Shield, Arduino Relay Shield, Arduino Wireless
Shield, Arduino GPRS Shield tlusiu wundsuiuvesnuuuesn Arduino udndeulusunsy

walunolalas

gﬂﬁ 2.3 n). vadn Arduinodefiu LED %), uasn Arduino fafuussa XBee Shield



2.2.2 1A598519999U8%7 Arduino Nano

4 Il G"DR 16“
icrocontroller L : ST |TXD
Digital Pins 1 1 SMD Cy=ial
T &P A
(A MEGA_:S:ﬂ? ) Y (16MHz)

FERRERNOAEES
l (h [}- 03 oo fgx 1 X
Mini.B . ‘ o g ~
5-'3‘: = . ) RX LED(Red)
L] - 2 : L

Analo
Rnferaﬂg:e o i
Digital Pin 13
3.3V0 -~ -
3.3V Quiput sy | GND RESET Button

Analog input Pins
- RST Vin (15090

JUN 2.4 1asdas9uese Arduino Nano

1. USBPort: Tddmiumariu Computer iedulnaniusunsinga MCU wazsnelu
Iivuedn

2. Reset Button; {¥utly Reset Ténawdlesiosnisly Mcu Gunsvinulml

3. ICSP Port U983 Atmegal6l2 Wuwesedldlusunsy Visual Com port Uu
AtmegalsU?2

4. l/OPort:Digital 1/O ‘augiv1 DO §e D13 Uonant una Pin Awvimiiizug
Lﬁmﬁuﬁ’m LU Pin0,1 Wy Tx,Rx Serial, Pin3,5,6,9,10 way 11 (Juan PWM
5. ICSP Port: Atmega328 tHuwesninldlusiinsu Bootloader

6. MCU: Atmega328 18y McU flduuuesa Arduino

7. 1/OPort: wenanvzifiu-Digital 170 wér Sadsui vesudynewden
Fausiun A0-AT

8. Power Port: lidssvesvesmilefainisenelulifursesniouen Uszneu
dreldes +3.3 V, +5V, GND, Vin

9. Power Jack: 5ulvann AdapterImaﬁusaﬁuagjswdw 7-12V

10. MCU %89 Atmegal6U2 fu MCU fivhuiihiidu USB to Serial lne

o 1

Atmega328 siinsiariu Computer NUAtmegal6U2



2.2.3 Atmega328
ARANWAITLAY

1. High-performance, Low-power AVR® 8-bit Microcontroller
2. Advanced RISC Architecture
- 131 Powerful Instructions - Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
3. Nonvolatile Program and Data Memories
- 32K Bytes of In-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
= Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- 1024 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
- 2K Byte Internal SRAM
— Programming Lock for Software Security
4. JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard
- Extensive On-chip Debug Support
— Programming of Flash, EEPROM, Fuses, and Lock Bits through
the JTAG Interface
5. Peripheral Features
- Two 8-bit Timer/Counters with Separate Prescalers and
Compare Modes
- One 16-bit Timer/Counter with Separate Prescaler, Compare
Mode, and Capture Mode

- Real Time Counter with Separate Oscillator



- Four PWM Channels
- 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only

2 Differential Channels with Programmable Gain at 1x, 10x,

or 200x

- Byte-oriented Two-wire Serial Interface

- Programmable Serial USART

- Master/Slave SPI Serial Interface

- Programmable Watchdog Timer with Separate On-chip
Oscillator

- On-chip Analog Comparator
6. Special Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
—Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
- Six Sleep Modes: Idle, ADC Noise Reduction, Power-save,
Power- down; Standby and Extended Standby
7. 1/O and Packages
- 32 Programmable /0 Lines
= 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
8. Operating Voltages
- 2.7 - 5.5V for ATmega32L
- 4.5 - 5.5V for ATmega32
9. Speed Grades
- 0 - 8 MHz for ATmega32L
- 0- 16 MHz for ATmega32
10. Power Consumption at 1 MHz, 3V, 25°C for ATmega32L
- Active: 1.1 mA
- Idle Mode: 0.35 mA



10

23 LED

2.3.1 Generation 3 High Power LED

GENERATION 3

- 11] g

3Ul 2.5 U889 LED GENI]

High Power LED with 2ord pins welded on single-sided-PCB. Patent of LumiLED
for multi-angle emission by optical lens Most of high power chips are called "Copy

LumiLED"

a1 d s L
waluladjun 3 983 W LED fig HIGH POWER LED dsmaiidnuaziiiuiuy Surface
Mount (Wilouny SMD uainUseaNSAIW NIsIasan e fi8n1s waud \@ud 11nseu
< | | % w a v - °
CHIP LED SMD waliuasaindaslulalnaiindy U990y 1 Uumalulad Plasupnuilemi

11 8anwuy eulw LED STREETLIGHT

nslguAmIngal veaalulad High Power LED (fswaiwiunaan SMD) Tuasaing

= o w & L | L

g uinil Iadrinde wlazdniswauwelulad. udndsuaeiiud uaflimangiu
° a o = i a = v a v 1
mathlanasluiige mszuasadns - aznumanbildleg westufuaniunanls ud

ANUEIRITIMARTRY BT 5-30 Lux Fudumanuaindimingiunisiunlday dusu

Taulw Street Light LED

LED uvy wiAlulad High Power LED nanwasu Chip fimnwdndudesudoy snyn
Socket &1 Tutlagdiu gelaifinistuun 1nsgu vesvuna ves Socket Shumnemu mnay
Wit Chip Tuewian arsudubudown Part Juuiy Sedunndeumindy uasailddne
Tumsivdew Chip g9 1n sufeuwinty Manvesmstelasilml wuugnya “delsireelasy
arufeslumsthuussandld Ju High Bay Jadu seuulndesadnmdn vedsanu wae i

ANUABINS N3U 33w Tide uazlimudadiy annnda welulad High Power LED 1
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2.3.2 Yafuazdaidy va9 LED wuu SMD

1. Yo

1. {esnnuwaiidnas wavanunsansgunsadldvisaasinu villdiud

984 PCB asad anAlda1evaduny PCB

] '
= =

2, mu'lxﬁ’m'rs’(,%’muﬁwﬁmmaqq Luaamnammmmﬁmﬂmazmmq
nlhusleiiAnugunsal

3. ludunisudn Pwanmldanevenaiedns Wemindtuneunisuind
N8N MINARTANLLLEN LLazé’mmmsmﬁmﬁqﬁu

4. msneawaugunIaivilfie

5. aansfeentuvasHay Aaldiaaunsaluuy DIP way SMD AU iulel
6. AunsnadnmANNIduasligEai 130 m/W

7. nmseeniuulaTIai1aYes Heat sink kaznsdinaesiumleusiadud
weay ibianansaanewanuieulaegeiyuseansaan

8. SMD. fimsliiaainsedisasinane wasdiannsonssauadlan Tnes
welulad Fdneuaudiindovuudadusaslilduasainsagad
Uszansnn

9. uasadsliifinansenuranisuaatiusnen Lasdanadas

10, aunsanuusssuiliseiodldatsiiuszansnm

11. o1glumsldauramumis 50,000 $7l

12. nInTaduas 2% over 5000hrs continuous lighting

13. anunsalnUnlatesade  wazlatnazlvuasaingdnayviuf
2. daide

1. finuyulunswdnigendn COB
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2.4 FL77944

FL77944 Wwaesmmdmivivnaslalendwuaselinge ldgunsaisdinunado
mewendey  lumeitendasund  dddununilshdmiumunsmsanuuiissialen
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2.5 timer delay relay circuit
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(RESEARCH METHODOLOGY)
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3.2 UANNI59DNLUUNTITN 1 29959UNaA LED
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1. @UMMUAAIANFIEIagwaTAIUIUDNEN U

° a fu ¢ § O a fu ¢
ATUNUAVIDULABDITNN ﬁ\?ﬂ‘ﬁu Lhge EULLUU?‘IW?@ULWB??W‘W

attachinterrupt(digitalPinTolnterrupt(interruptPin), power, CHANGE);

o v ¢ a s ¢ o o o o o . .
ﬂTWI.JﬂIﬁﬁQﬂ“U'UQULWE]‘i'iW‘V]W'N']U Walin1sidasuwlasnen mterrupth 410

HIGH U LOW %38 LOW U HIGH

s

AMUUANTITNIUYDININTUY DULRDSTNA

void power(){

inter++;

if(inter==3){
inter =1;

}

inter2=inter+1;
inter2=inter-1;
if(inter==inter2){

inter++;

MTUsuBnNan U U LED willeaind gnasietiuienaniaaisuige999s LED fde
g Wesniliduvinilenatiszozamnuie 5wl dlidunalasiniteglugieidomd

V3019

if(inter==1){
digitalwrite(LED _status,HIGH);
}
if(inter==2){
digitalWrite(LED_status,LOW);
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2. dhumuaunIY/aine sewine a/Anlw

vall = EEPROM.read(addr[1]);

val0 = EEPROM.read(addr[0]);

fadeAmountl = (val0%*0.03)/(val1*4/3.413333333);

Valo fa  AfiAuaiedduaiedluilendu  Brightness 1Hudavvuiniode

msdspusesdmsuiiualalu EEPROM ¢

J 1 cjn u’) s
vald fAs  Ardianaimvuaednilandu delay to full brightness Husuav

WM 100amsdsausesdmsuiiuanlily EEPROM 1

11 val0 sngauiu 0.034iaean eiduiilinisdiiad 30mIundi vngseunsvineu

uunsiuangasaa 3ndlandu delay to full brishtness  pawhedsnasuiiondug

Farrwin 10 O waniumniang 3.413333333 taiiuua A1geanvesdasaiinmun

Tondu 300 Junil

F9E1 AMUALY 939987831988 10 T 99 ATNEI TN 0 89 100%

o
Val0 = 1024/4 = 256
Vall = 34.13333333/4 = 8.5325
ﬁqﬁ"u fade amount = 0.768
103U / 0.037u¥ = 333.333 59UNNY
G
1684388995 = 256.024
diesiuly 10 Hund brightness ag1innu 256
analogWrite(PWM_output, brightness);
brightness = brightness + fadeAmounti;
delay(30);

if( brightness== val0){
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fadeAmountl = 0;

}

if(brightness>= val0){
brightness= val0;

break;

3. duAIUANNITINUYEY MTuiee LCD
if(Rvarie_read>=512){
i=0;

Wielngniaiuaseamiauiotantulaspoulneeserulaszannnia 512 & a1 i 9z
WU 0 way i = 1 vilv w3entinee a sunud led.setCursor(15,1); Lasidgumid o

AN Lcd.setCursor(15,0);

lcd.setCursor(0, 0);
lcd.print("1.DIMMER");
lcd.setCursor(0, 1);
led.print("2.POWER");
led.setCursor(15,b[i]);
lcd.write(thisChar+5);
lcd.setCursor(15,b[ii]);
lcd.write(thisCharclear);



3.3.2 Yadnfialun1seenuuuI9ITAIUAY

Wdes 7-12 Taad

-1adn Buwm 5 Tiad

- nszualvnsanevt 208adueud

- nazualnnsesienn 3.3 Tad 50 Jaduoud
- EEPROM 17laluv

- Fygru®ing 16 wnnuldsm

- nszualvariudu(/0 portsilsinniian 200 Saduent
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3.4 A5NISNAFDUTUITUY

3.4.1 A15YN9UN2LUV892995 19929959 1 2995TUNaan LED

- nageudslWnssuaadu 220 Taan

- MadeUNIELaTivn LED 1 Wefideyaas PWM wnilvn DIM Taedl duty cycle
Faust 0%-100%

- MadeUNsEUaTYT LED 2 Wefidyanas PWM wilvr 0IM Taeil duty cycle
faust 0%-100%

- MadeUNTELaTion LED 3 iiledidyaaas PWM wnilwn DIM Taeil duty cycle
Faus 0%-100%

- nedounssianiol LED 4 lofideyaas PWM anien DIM Iaefl duty cycle

Aaus 0%-100%
3.4.2 1591191uN2 11992993 29979957 2 2935AUAY

- NedaunIsynnuilalaldsunsuastuy Arduino

ﬁ: l ﬂl o
- NAdau PWM fidneaanlunsiniad duty cycle Ammun

3.4.3 A214§7919%84 LED

- NAABUNIANINLNYBILEIN LED Yanapanu Walidygia PWM 1n#ien DIM

lagil duty cycle AslA 09%-100% laagldiinasueasinmuigsnin LED 1 wes lu

=

A
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3. ogunsalfneg mufioanuuy wazAwanila
¢ ) o v ‘Y
4. asgunsaladlnlivesn negeulsudsuaulananudifenis

5. 9ANLUUATY PCB uaginuu1ngunsaiasy

JU7 3.9 PCB wos393 FL77944

o=

oo

o0

g‘dﬁ' 3.10 PCB 9897935 time delay relay
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gﬂﬁ 3.11 PCB w@919v3AuAN Uaz LCD

6. 1 PCBALALURRURY

7. 1] wavdnnigunsniasuese

8. NAADUNAT

9. nnaeuazuilalildamuiidonts
10. Uszneutuduhminandes

11, Yiaus1e9y
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NIINA[DILLATNANTINAE DY

(EXPERIMENT AND RESULTS OF DATA)

4.1 10 PWM

e i
2

SUT 4.2 fogrnsasidlevianfidyain PWM DUTY CYCLE 40 %

3



ASSWENHIY Res WAL AATULUULES

- dladnelvinszuaadu 220

= i 1 2/ A Ao
A5NN 4.1 nssuanlvaniu Res waz Anuduuas Welidyau PWM

32

DUT; V(EIIMYCLE tﬁﬁ;’g"{\“;ﬁ“ﬂgg Intensity Brightness
ko (LUX) (Fe=Im/ftA2)
0% 0 0 0
10% 6 22 236.72
20% 12.48 45 484.2
30% 18.69 72 774.72
40% 25 99 1065.24
50% 34,2 127 1366.52
60% 37.4 162 174312
70% 40 182 1958.32
80% 49.6 237 2550.12
90% 55.7 295 31742
100% 61.5 308 3314.08




lluminance & Current

4000

3000

2000

Illuminance (Im/ftr2)

1000

0 78/ Y7/ T\ 525 70
lcs (mA)

SUT 4.3 N9 ARdNLss eI A2LEINS AU ASEIE 1993y PWM

g'dﬁ 4.4 n5ANNFURLSIENINN Vin AU Ics 989 PWM 60% duty cycle

33



‘uﬂJﬁl 4,5 nsmlANudRussEnIne Vin AU Ics 989 PWM 100% duty cycle

34
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4.2 dysy1sd Analog

=l o

SUA 4.6 f198 1918 AleYinsIunAyIa Analog OV

@

JUN 4.7 fegnviasdiernauiidyeyia Analog 8V



NIZUENHIY Res Wag AULYULES

- Wednalnszuaadu 220

AN9197 4.2 AvIItina uae nzuaivasusiuniuRes Wedidayey e Analog

Current flowing

Analo(\gl)signal thougl('imRAc)s (Ics) In(EaS)s(;ty (?crgrntl?te"szsi

0 0 0 0

1 15 80 860.8
2 32 157 1689.32
3 49 195 2098.2
4 64 258 2776.08
S 4 298 3206.48
6 90 360 3873.6
7 103 394 4239.44
8 114 437 4702.12
9 122 490 5272.4
10 133 522 5616.72

36
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Illuminance & Current
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U‘i/l‘i?l' 5
djUnansIELasYalEuaLUL

(CONCLUSION AND SUGGESTION)

5.1 Apsziuazasunanisnaaag

Nnnamaaeslddygrand e DIM 28 IC Hedmaes PWM waz Analog WU

2 ”mngwm%’lﬁmaﬁinélﬂmﬁuuamﬁamﬂmé’umqLuammﬁmaa NaAe

leld adnyeyns PWM m!Duty cycle R 0-100% W39 5 Vidfien DIM udaagmuda
Anudnasiildarnnis DM duinsiiuguiifeussaiivaunisdunse lnesiA1agsedne 0 -
308 LUX wazidlainnszuadilvaniusisuudiun s ﬁwwuiﬂﬂsxLLaﬁlﬁﬁuaq’lu“dNiwﬁw
0 - 61.5 mA Sinnuduiusiudygnn PWM Wuaunsidunsagudiont vt avuenléi
donssuaiintu emudiuasiasdut uselugnsdiuiiiovasas

elddyann Analog Wseiu 10 V v DIM udraswuin aamadiuasdildannns
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=i | @ W = ] M o a | '
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duiusiudnyeu Analog [Wuaunisidunsaduifea agiu asvenliindlenssuadiuiu

AMILdLLEN Iz L AuR s luS EINM o U AL
o s | P ' IR o v =1 ' =l o [ v o
nne2nsalilasnuindie Sghadmnagvilidunasiuitlniinsdudndes esann
= ar s a - ‘:J ﬁ' 1 o/ 1 1
mslavaanszudlnlugal EDfinsadufulaveslunideousodu LED urazyausiazda

11Nl UtUILEDATENS U



39

5.2 guassanazleymn

1, Nﬁ]iﬁmaﬁumﬂméauﬁaé’mmuﬁagﬁﬁauﬁm‘/inaJWﬂLﬁulﬂ a9 NLTIRUTRN
Asauviaan LED vasiAuld

a o o | ) - o v | v v a
2. ICsevndlaiinisanelwnszuaadu 220 V iilssansagrumuitlddnluiiatesiuly
w50 dusenulunnasauludwuiniduly vilmAunifgswazsulm

o
t s

3. Aisdadie IC anansaUsemea ilvilanvudegs
4. Mstdenlguaznoviasn LED MW1AU2995 #o91989 AN8997U USIAY uay nseud

5. AnuTauniinfuiugunsailiiias

2 o i

= [ £ 6 v o £ = =]
6. ﬂ’l‘i’e’JE]ﬂLLU‘ULLﬁ%ﬂﬁLa@ﬂI’UQﬂﬂim 1%Lﬁﬂ1’iﬁ(ﬂ LWEJ‘VT’]IWN%?M“UU’I@LEﬂ

9

7. MsAnwlATeEs1enelue 1IC Milnsvinuegnals iesainly Datasheet fluan
TlaziBeaminnmg

8. msnladaa PWM 997 DIM  dulsianunsavildaudiuiasanasmiaudadn 0
nialnalAasle

[ ] = = = 9 J 2 ! L
9. sswiinismeassiianiiagensglaulipala esnfossglvnssueaadu 220 v
Wguas
10. dshunilnansEnaNnImeaes
{ i L4 ° (-2 = ) o i
11. waaineann LED Masidusinndnioeazs0 faanudu iiosminnislvavesnssuad

Inashugn LED3 uag LEDS. Iwariegndlinerles uay iaswnenszuaannsmitinldidl
WadWusuwiansimnsziaazireiuluszauds fevhlnduiuddlninisdudnios
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5.3 YaLauanuy
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3. M uulita s TuwsllaisinEuly Wasamndurniiulussuase
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lasas1avessiegnely datasheet vag IC AU
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umMdsnulaunduuldwny
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gunsainvzdnnldee

Y3 1 1 s o g 1] 1 1 dj I as 4 =1
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[11] 2353 89nszuadiundu FULL-WAVE RECTIFICATION. wniisléiann : httpy//www.star-
circuit.com/article/FULL-WAVE-RECTIFICATIONING.html (Fuviaumn : 23 fuengu 2559).
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TUsunsunialu Arduino
#include <LiquidCrystal.h>;
#include <EEPROM.h> ;
LiguidCrystal lcd(8,7,6,5,4,3);

char thisChar = 'z'char thisCharclear = ' ';const int swl = 12]int swl_read;int LED_status = 13;int tic,tic1,tic2,tic3,ticd;int
b[2]={0,1kint a=15;int i,ii;

int Rvarie = AQ;int Rvarie_read = 0;int dimmerfunc,
powerfunc,tic_dimmerfunc,tic_powerfunc,tic_dimmerCn,tic_dimmerOff;int brightperg;

int dimmerOn=0; int dimmerOff=0:const byte interruptPin = 2;const byte PWM_output=11;volatile int inter=2;int inter2;int
valO,vall,val2;

int addr(d]={1,3,5,7};float fadeAmount1,fadeAmount2:int test;int j;float brightness;

void setupl() {lcd.begin(16, 2);pinMode(PWM_output, OUTPUT);pinMode(interruptPin, INPUT_PULLUP);pinMode(sw1,
INPUT_PULJ.UP);pinMode(LED_status,OUTPUT);attachlnterrupt(digitalPinTointerrupt(interrupth), power, CHANGE);}
void loop()
{ticfdimmerOn:O;t{C7d1mmerOff:O;ticzo;tEC_dimmerfunc:O;tic_powerFunc=O;dimmerfunc=0;powerfunc=0;d1mmer0n
=0;dimmerOff =0;Rvarie_read = analogRead(Rvarie);swl_read = digitalRead(sw1);
if(inter==3)(inter =1;}
flinter==1){digitalWrite(LED_status,HIGH);}
if(inter==2){digitalWrite(LED_status,LOW);}
if(Rvarie_read>=512){i=0;ii=1;}else{i=1;ii=0;}
lcd.setCursor(0, O);
led.print("1.DIMMER");
lcd.setCursor(0, 1);
led.print("2. POWER");
led.setCursor(15,bli]);
led.write(thisChar+5);
led.setCursor(15,bliil);
led.write(thisCharclear);
val0 = EEPROM.read(addr[0]);
while(inter==1&&sw1_read==HIGH){
swl_read = digitalRead(swl);
vall = EEPROM.read(addr[1]);
fadeAmount! = (val0*0.03)/(val1*d/3.413333333);
val0 = EEPROM.read(addr[0]);
analogWrite(PWM_output, brightness);
brightness = brightness + fadeAmount1;
delay(30);
iflinter==3){inter =1;}
if(inter:=1){dig\'taLWrite(LED_status,HfGH);}
if(inter==2){digitalWrite(LED_status,LOW);}
Rvarie_read = analogRead(Rvarie);
if(Rvarie_read>=512){i=0;ii=1;}else{i=1;ii=0:}
led.setCursor(0, 0);
led.print("1.DIMMER");
lcd.setCursor(0, 1);
led.print("2.POWER");
led.setCursor(15,bli));
led.write(thisChar+5);
led.setCursor(15,b[ii);



lcd.write(thisCharclear);
if( brightness== valO){fadeAmount1 = 0;}
if(brightness>= val0){brightness= valO;break;}}
while(inter==28&&sw1_read==HIGH){
iflinter==3)inter =1;}
iflinter==1){digitalWrite(LED_status,HIGH);}
iflinter==2){digitalWrite(LED_status,LOW);}
swl_read = digitalRead(sw1);
val2 = EEPROM.read(addr[2]);
fadeAmount2 = (val0*0.03)/(val2*4/3.413333333);
val0 = EEPROM.read(addr[0]);
analogWrite(PWM _output, brightness);
brightness = brightness - fadeAmount2;
delay(30);
Rvarie_read = analogRead(Rvarie);
if(Rvarie_read>=512){i=0;ii=1;}else{i=1;ii=0;}
lcd.setCursor(0, 0);
lcd.print("1.DIMMER");
led.setCursor(0, 1);
led.print("2.POWER");
led.setCursor(15,b[i]);
led write(thisChar+5);
led.setCursor(15,blii]);
lcd.write(thisCharclear);
if( brightness==0){fadeAmount2 = 0;}
if(brightness<=0){brightness=0;break;}}
while(sw1_read==LOW&&tic==0)
swl_read = digitalRead(sw1);
iflswl_read==HIGH&&i==0){dimmerfunc=1;lcd.clear();}
iflswl_read==HIGH&&i==1){powerfunc=1;lcd.clear(); }
tic=1:}
while(dimmerfunc==1&&tic_dimmerfunc==0){
tic1=0;sw1_read = digitalRead(swi);lcd.setCursor(0, 0);lcd.print("Brightness : ")Rvarie_read = analogRead(Rvarie);
led.setCursor(12, 1)lcd.print(96);brightperc = Rvarie_read/10.23;led.setCursor(8, 1);led.print(brightperc);
iflbrightperc<100){led.setCursor(10, 1)led.print(* %}
if(brightperc<10){ lcd.setCursor(9, 1);lcd.print(’ ')}

valO=Rvarie_read/4;

EEPROM.write(addr[0], val0);

iflinter==3){inter =1;}

ifinter==1)}{digitalWrite(LED_status,HIGH);}

iflinter==2){digitalWrite(LED_status,LOW);}

iflinter==1){Rvarie_read = analogRead(Rvarie);analogWrite(PWM_output, Rvarie_read/4);}
else if(inter==2){digital Write(PWM_output,LOW);}
while(swl_read==LOW&&tic1==0){sw1_read = digitalRead(sw1);

iftsw1_read==HIGH)tic1=1;tic_dimmerfunc=1;lcd.clear();}}}

while(powerfunc==1&&tic_powerfunc==0}{dimmerOn=0;dimmerOff=0;sw1_read = digitalRead(sw1);tic2=0;Rvarie_read =

analogRead(Rvarie);

iflinter==3)inter =13}

if(inter==1){digitalWrite(LED_status,HIGH);}

if(inter==2){digitalWrite(LED_status,LOW);}

if(Rvarie_read>=512)i=0;ii=1;}elseli=1;ii=0;}



led.setCursor(0, 0);

led.print("1.DIMMER ON");

lcd.setCursor(0, 1);

led.print("1.DIMMER OFF");

led.setCursor(15,b[il);

led.write(thisChar+5);

lcd.setCursor(15,bliil);

lcd.write(thisCharclear);

while(sw1_read==LOW8&&tic2==0){sw1_read = digitalRead(sw1);
if(swl_read==HIGH&&i==0){dimmerOn=1;tic2=1;lcd.clear();}
iftswl_read==HIGH&&i==1){dimmerOff=1;tic2=1;lcd.clear();}
tic_powerfunc=1;}val0 = EEPROM.read(addr{0]);}

while(dimmerOn==18&&tic_dimmerOn==0){swl_read = digitalRead(sw1);tic3=0;Rvarie_read = analogRead(Rvarie);
led.setCursor(0, 0);

led.print("delay to:");

led.setCursor(14, 0);

led.print("s");

led.setCursor(0, 1);

led.print(" full Brightness");

lcd.setCursor(10, 0);

led.print(Rvarie_read/3.413333333,0);

Rvarie_read = Rvarie_read/3.413333333;

ifl Rvarie_read<1000){lcd.setCursor(13, 0);lcd.print(" ");}

if( Rvarie_read<100){lcd.setCursor(12, O)lcd.print(’ )}

ifl Rvarie_read<10){lcd.setCursor(11, 0);led.print(* %}

Rvarie_read = analogRead(Rvarie);

vall=Rvarie_read/d;

EEPROM.write(addr[1], vall);

while(swl_read==LOW&&tic3==0){swl_read = digitalRead(sw1);

iftswl_read==HIGH){tic3=1;tic_dimmerOn=1;lcd.clear();}}}

while(dimmerOff==1&8&tic_dimmerOff==0)(
swl_read = digitalRead(sw1);ticd=0;Rvarie_read = analogRead(Rvarie);
lcd.setCursor(0, 0);

led.print("delay to:");

led.setCursor(14, 0);

led.print("s");

lcd.setCursor(0, 1);

led.print(" full Darkness");

led.setCursor(10, 0);

led.print(Rvarie_read/3.413333333,0);

Rvarie_read = Rvarie_read/3.413333333;

if{ Rvarie_read<1000){lcd.setCursor(13, O);lcd.print(* *);}

if( Rvarie_read<100){lcd.setCursor(12, 0);lcd.print(’ ;}

if( Rvarie_read<10){lcd.setCursor(11, 0);lcd.print(’ ')}
Rvarie_read = analogRead(Rvarie);

val2=Rvarie_read/d;

EEPROM.write(addr[2], val2);

while(swl_read==LOW&&tic4==0)

iflinter==3){inter =1;}

if(inter==1){digitalWrite(LED_status,HIGH);}

if(inter==2){digitalWrite(LED_status,LOW);}

swil_read = digitalRead(sw1);



ifswl_read==HIGH){ticd=1;tic_dimmerOff=1;lcd.clear();}
void power(){inter++;

iflinter==3)inter =1;

inter2=inter+1;inter2=inter-1;

ifinter==inter2){inter++;}}
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FAIRCHILD.

FL77944

July 2016

Analog/PWM/Phase-cut Dimmable High Power LED

Direct AC Driver

Features

®  The simplest Direct AC LED Driver with Only Two
External RC Passive Component

®  Wide AC Input Range: 90~305 Vac

®  Four Integrated High-Voltage LED Constant
Current Sinks of up to 150 mA (RMS) Capability

®  TRIAC Dimmable (Leading/Trailing Edge)
®  Rheostat Dimmable

®  Analog/Digital PWM Dimming Function

®  High Power Factor (above 0.98 typically)

®  Adjustable LED Power with an External Current
Sense Resistor

®  Low Harmonic Content (THD under 20% typically)
" SOIC-16 EP Package

"  Flexible LED Forward Voltage Configuration

®  Power Scalability with Multiple Driver ICs

®  Over-Temperature Protection (OTP)

Applications

®  General LED Driving Solution for Residential,
Commercial and Industrial Lighting

Description

The FL77944 is a direct AC line LED driver with a
minimal number of external RC passive components. In
normal configuration, one resistor is to adjust LED
power, and one capacitor is to provide a stable voltage
to an internal biasing shunt regulator.

The FL77944 provides phase-cut dimming with wide
dimming range, smooth dimming control and good
dimmer compatibility. It achieves high efficiency with
high PF and low THD, which makes the FL77944
suitable for high-efficiency LED lighting systems. The
FL77944 has a dedicated DIM pin which can be used
with analog or digital PWM dimming. The FL77944 can
also be used with a rheostat dimmer switch which is
suitable for desktop or indoor lamps.

Operation of FL77944 admits driving higher-wattage
systems, such as street lights and down lights, by
simply parallel connecting the driver ICs.

Ordering Information

JaAlId OV 1921410 @37 J8mod ybiY ajqewwiq Ino-aseyd/WMd/Boleuy — y62214

Operating Packing
Part Number Temperature Range Package Method
. o 16-Lead, Small Qutline Integrated Circuit
FL77944MX 40 to 125°C (SOIC) Exposed Dap 150" Narrow Body 2,500 per Reel

© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com

FL77944 + Rev. 1.2




Typical Applications

Down-light 12W LED Driver using

m 1.3W high V¢ LEDs

Bridge
Rectifier

0.1uF, 50V __

120 VAC Ve=35V@42mA LEDs(Each group’s Ve
can be flexible as long as total series V¢

Is 130~140V)

b
GND

Figure 1. 12 W at 120 Vac LED Down-Light Application

4ft tube-type 22W LED Driver using
288x0.06W LEDs

2 0.06W 18X5

1aAlQ JV 192410 @37 Jemod YBiY ajqewiwiq Ino-aseyd/WMd/Boleuy — 62774

Bridge
Fulls Rectifier 0.06W 18X4
0.06W 18X4
Cvop
0.1uF, 50\ 0.06W 18X3
220 VAC
Total 288 LEDs
=~
GND
Figure 2. 22 W at 220 V¢ LED Tube-Type Application
© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com

FL77944 Rev, 1.2 2



Pin Configuration

vin [T O 16] | MODE
Nc[T2] 15[ ]vop
Lept [ ]3] I ] enp
ne[T4 [13] NG
LED2 [T5] [12] | LED4
ne[]6 [11]_]oim
LED3 []7 0] Jes
Nc[T8 [(FT ] eno

Figure 3. SOIC-16 EP (Top View)

Thermal Characteristics "' ?

©a O,a ;
Component Package (1S PCB) | (252P PCB) Unit
FL77944MX 16-Pin Small-Outline Integrated Circuit (SOIC-EP) 102 24 °C/W

Notes:

1. ©.a: Thermal resistance between junction and ambient, dependent on the PCB design, heat sinking, and airflow.
The value given is for natural convection with no heatsink using the 18 and 2S2P board, as specified in JEDEC
standards JESD51-2, JESD51-5, and JESD51-7, as appropriate.

2. Junction-to-air thermal resistance is highly dependent on application and PCB layout. In application where the
device dissipates high levels of power during operation, special care of thermal dissipation issues in PCB design
must be taken.

Pin Definitions

Pin# Name Description
1 VIN Rectified AC Input Voltage. Connect this pin to rectified AC voltage after a bridge rectifier.
3 LED1 '
5 LED2 .
> TEDS LED String Cathodes. Connect cathode(s) of each LED group to these pins.
12 LED4
9 14 GND Ground Reference Pin. Tie tlhi_s. pin c_!irectly to local groun_d plane. This ground should not be
: tied to earth ground because it is not isolated from AC mains.
10 cs LED Current Sensing Pin. Limits the LED current depending on voltage across sensing

resistor. The CS pin is used to set the LED current regulation target.

Dimming Signal Input Pin. When MODE pin is tied to GND, this pin is used to further adjust
11 DIM LED current, based on given Rcs value. Apply 0 V to 5 V as the DIM signal. Both analog and
digital PWM signal can be used.

Internal Biasing Shunt regulator Output. Voltage on this pin supplies internal circuitry of
15 VDD FL77944. A 17-V shunt regulator is internally connected to this pin. A bypassing capacitor is
recommended to be added to reduce noise from VIN.

Mode Pin. Connect this pin to VDD to disable DIM pin. Connect this pin to GND to enable

16 MODE | BiM-pin funetionality.
Exposed Thermal Pad. EP is not tied to GND inside the IC. It is recommended to tie it to
0 EP
GND externally.
© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com

FL77944 + Rev. 1.2 3
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Block Diagram

I Shunt
VDD| 15 Regulator

L

Over-
Temperature

Protection

LED Current

LED
Current
Feedback

12

R
Modulator E]—-[5:| LED2
\__|
LA
SE—

L
GND GND Cs
Figure 4. Simplified Block Diagram

2016 Fairchild Semiconductor Corporation

FL77944 + Rev. 1.2

www.fairchildsemi.com
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. Max. Unit
Vin VIN Voltage -0.3 500.0 vV
Vieo1 | LED1 Pin Voltage -0.3 500.0
Viepz | LED2 Pin Voltage -0.3 500.0 Vv
Vieps LED3 Pin Voltage -0.3 500.0 \
Vieps |LED4 Pin Voltage -0.3 200.0 \"
Ves CS Pin Voltage -0.3 6.0 vV
Vbim DIM Pin Voltage -0.3 6.0 \
T, Junction Temperature -55 +150 °C
Tste Storage Temperature -65 +150 °C
ILEDA LED1 Current 80 mA
ILED2 LEDZ2 Current 160 mA
ILepa LED3 Current 160 mA
ILEDA4 LED4 Current 240 mA
Notes: ¥

3. Stress beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.

4.  All voltage values, except differential voltages, are given with respect to the GND pin.

5. Human Body Model, ANSI/ESDA/JEDEC JS-001-2012: 0.9 kV at Pins 1, 3, 5, 7; 0.4 kV at Pin 12; 1.0 kV at Pins
10, 11, 15118,

6. Charged Device Model, JESD22-C101: 1.0 kV at all pins.

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to Absolute Maximum Ratings.

Symbol Parameter Min. Max. Unit
T; Operating Junction Temperature -40 +125 °C
© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com

FL77944 + Rev. 1.2 5

1aAuQ@ OV 192110 @37 4emod YBiH ajqewwnq Jna-aseyd/WMd/Boleuy — 62214




Electrical Characteristics

Unless otherwise noted, Rcs = 10 Q (1%), Ta = 25°C. Currents are defined as positive into the device and negative
out of the device.

Symbol | Parameter Conditions l Min. | Typ. I Max. | Unit
VIN Supply
lauesvin | VIN Quiescent Current [Vin = 20 to 500 V | | 12 [ 15 [ mA
VDD Output
Voo |VDD Voltage |Vin=20.0V | 155 [168 | 18 | v
LED Current
ILeD1 LED1 Current Vin=20.0V, Viep1 =20.0V 9.0 16.9 | 21.0 mA
ILeD2 LEDZ Current Vin=20.0V, Viep2 =20.0 V 31.0 361 | 41.2 mA
ILeD3 LED3 Current Vin=20.0V,Vigpz =350V .0 82.8 88.6 mA
ILED4 LED4 Current Vin=20.0V, Vigps =20.0V 85.7 91.7 | 97.7 mA
Over-Temperature Protection
Tore | OTP Temperature!” J | 170 | E:
Leakage Current
lLep1-Lk LED1 Leakage Current Viep1 =500V, Vin=0V 1 HA
lLED2-LK LED2 Leakage Current Viepz2 =500 V, Vin=0V 1 WA
liepsik | LED3 Leakage Current Vigps = 500 V, Vin =0V 1 HA
ILED4-LK LED4 Leakage Current Vieps =200V, V=0V 1 pA
Note:

7. Not tested in production. Internal aver-temperature protection circuitry protects the device from permanent
damage. LEDs shut down at the junction temperature of T;=170°C (typical).

© 2016 Fairchild Semiconductor Corporation

FL77944 + Rev. 1.2

www.fairchildsemi.com
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Typical Performance Characteristics
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Functional Description

The FL77944 can drive LED strings attached directly to
the rectified AC mains using only two external RC
components (Rcs and Cypp). With 4 integrated high
voltage current sink, LED current in each string is
precisely controlled with system compactness. High PF
and low THD are obtained by the optimized current sink
levels. Phase-cut dimming is easily obtained with wide
dimming range and good dimmer compatibility.
Dedicated DIM pin can be used to implement analog or
digital dimming function. Flicker index in the direct AC
drive topology can be improved by adopting proprietary
self valley-fill solution.

Operation

When the rectified AC line voltage, Vi, is higher than
the forward voltage of the consecutive LED groups,
each LED group turns on automatically as the
corresponding current sink has enough voltage
headroom across it. Each current sink increases up to
the predefined current level and maintains that level
until the following channel's current sink get enough
voltage headroom across it.

AC Line
LED Current Voltage (Vi)
(Ir)
liena ! b Vi ™+ Viea"+ Ve o'+ Ve
leps -4 Ve "tV '# Ve
leoz Vei'+Vip
leep - =1V
- L
tor oz tos tos toa toz tos

to1: Current is directed to LED1 pin through 1™ LED group.

toz: Current is directed to LED2 pin through 1* and 2"¢ LED groups.

toa: Current is directed to LED3 pin through 1%, 2", and 3" LED groups.

toa: Current is directed to LED4 pin through 1*, 2™, 3% and 4™ LED groups.

VedVer' Ve "IVey™: Forward voltage at forward current of I epy/l eodlicoa/liens

in 1*' LED group.

*  Vea/Veo'IVe,": Forward voltage at forward current of | cpa/leps/ligpd in 27 LED
group.

*  Via/Ves" Forward voltage at forward current of I epa/lie0s in 3" LED group.

* Vg Forward voltage at forward current of Igp, in 4™ LED group.

FL77944 Operation

When Vi reaches to the forward voltage across the
1st LED group (V1) at forward current e = I gpy, the
current drawn from the Viy is directed to the LED1
through the 1st LED group. In sequence, when Vi
reaches forward voltage across 1st and 2nd LED
groups (Vri'+Ve2) at Ir = ILepz, the current is directed to
LED2 across 1st and 2nd LED groups. Then, when V)
reaches Vri"+Ve2'+Vez at Ig=lLeps, the LED current
goes through 1st, 2nd, and 3rd LED groups and sinks
to the LED3. Finally, when V), reaches
Vri"+Ve2"+Vea'+Vey  at  Ir=leps, the current goes
through all 4 LED groups and is directed to the LED4.

Whenever the active channel (one that is sinking LED
current) is changed from one channel to the adjacent
channel with respect to the change in the Vin, the new
active channel's current increases gradually while the
existing active channel's current decreases gradually.

Figure 11.

This smooth current transition reduces frequency
harmonic contents and improves power factor as well as
Electromagnetic Interference (EMI) characteristics.

By fully utilizing available headroom, the FL77944 offers
maximum power, high efficiency, power factor and low
harmonic distortion. Typically, power factor is higher
than 0.98 and THD is lower than 20%. The efficiency
heavily depends on a LED configuration.

LED Current and Power Setting

The LED current is managed by an external current
sense resistor Rcs. Regulation target of each channel's
current sink is calculated as follows.

0.18 0.37

Lip) =R_71L£D2 _?’
cs cs

(1)
0.83 0.92
,and [} g, = .

cs Ccs

11_5.53 =

Root-mean-square (RMS) value of the input current can
be calculated using the peak regulated current, |l gpa,
and crest factor. Since the LED current waveform is
similar to the AC line voltage, the crest factor is close to
the crest factor of a sine wave, V2=1.414. But the actual
crest factor depends on the flattened time of the I gng
and LED configuration. With FL77944, the typical crest
factor approximately is 1.4. Thus, based on estimated
input power, P, the Rcs resistor value can be
calculated as follows.

= 092 >(VAC.]L’I/I'S
W LT @

The actual Res needs to be adjusted with respect to the
LED configuration.

LED Configuration

In the LED configuration, it is required to increase the
total LED forward voltage to improve efficiency. For
example, compared to using 4 LEDs with Ve of 60 V
(total VF = 60 V x 4 channels = 240 V) for each LED
group, using 4 LEDs with Vr equal to 65V (total Vg =
65V x 4 channels = 260 V) will improve the efficiency
simply due to the higher total Vr. Each LED channel can
have different V. For example, if a design is
implemented with 144 pieces of 3-V LEDs for
replacement of 2-feet fluorescent lamp, designer can
assign flexible numbers of LEDs for LED channels such
as 25s2p-32s2p-6s2p-18s1p ('s” stands for LEDs in
series and “p” stands for LEDs in parallel) or 18s2p-
18s2p-18s2p-36s1p.

Which needs to be considered is that Ve of first LED
group should be higher than VIN-pin turn-on voltage,
which is 20 V. If the V¢ of the first LED group is
configured to be lower than VIN-pin turn-on voltage,
ILepr will not have the correct regulation level when input
voltage, Vi, is just exceeds the Vr.

© 2016 Fairchild Semiconductor Corporation
FL77944 « Rev. 1.2

www,fairchildsemi.com
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A good starting point for choosing a LED configuration is
to have about 260 V~280 V of the total Ve for 220 Vac
mains and 130 V~140 V of the total Vf for 120 Vac.

Internal Shunt Regulator Output, VDD

The system implemented with FL77944 does not require
a bulk capacitor after bridge-rectification diodes. As a
result, the Vpp, which supplies biasing voltage for the
FL77944, has voltage ripple like the rectification voltage
after the bridge diodes as shown in Figure 12.

Vin

VDD

Vop valley/

Figure 12. Vpp Ripple without Cypp

The Vpp ripple can be reduced by a bypassing
capacitor, Cypp. If the Cypp is not used, or its value is
small, the Vpp voltage fluctuates and goes even down to
0 V. It makes the FL77944 reset, but the FL77944
automatically restarts every cycle when the AC line
voltage reaches a certain level. For a much stable
operation, to implement Cvpp is preferred. The
recommended Cypp value is 1 uF with 50 V of voltage
rating.

Over-Temperature Protection (OTP)

The FL77944 is with over temperature protection (OTP)
inherently. When the driver's junction temperature
exceeds a specified threshold temperature (T, = 170°C),
the driver will shut down automatically and then recover
automatically once the temperature drops lower enough
than the internal threshold temperature. Without this
protection, the lifetime of the FL77944 can be reduced
and irreparable damage can occur when it operates
above its maximum junction temperature (150°C). Good
thermal management is required to achieve best
performance and long life span of the FL77944.

Analog/PWM Dimming Function

The FL77944 uses the DIM pin for analoeg, 0 V to 10V,
or pulse width modulation (PWM) dimming by applying a
voltage signal between 0 to 5V or PWM signals with 5-
V peaks to the DIM pin.

" §1, 82, S3, S4: Number of LEDs in series each LED group
P1, P2, P3, P4: Number of LEDs in parallel each LED group

Figure 13. Analog or PWM dimming Application

To enable dimming mode, the MODE pin should be tied
to GND. The LED channel sink and total RMS current
through LEDs will be linearly adjusted with the Vpu level
as shown Figure 14 and Figure 15.

LED Channel Sink Current vs. V,,,

01
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0.07 '

006

<
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VDIM[V]

Figure 14. Measured LED Channel Sink
Current vs. Vpim (Rcs =10 Q)

{ RMS LED Current vs. VDIM
80 7 s Y,
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Figure 15. Current vs. Vpm
(Simulation results: Rcs=10 Q / Vac =120 V)
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Improve Flicker Performance of Direct AC Driven LED

Fixtures with Self Valley Fill

Introduction

To provide power to LED loads from AC input, Switch-
Mode Power Supplies (SMPS) are generally used since
LED need to be driven by regulated current. Consequently,
LED lighting solution have to inherit the design complexity
of a typical SMPS which includes designing the magnetic
component, handling of Electromagnetic Interferences
(EMI) as well as implementing Power Factor Correction
(PFC). Direct-AC Drivers (DACD) for LEDs provides a
new way to drive the LED load from an AC input with
much simpler system architecture while satisfying EMI and
power factor (PF) requirements with minimal effort.
However, its drawback is flickering of light output at the
zero crossing of AC line voltage due to loss of current to the
LED load.

Though flicker is not always obvious, it can still cause
headaches for a small percentage of people exposed to
flickering lights for long periods [1]. This is a major issue
for offices, schools, stores and other brightly lit commercial
and industrial spaces where people spend a lot of time.

While there are currently no official standards governing
flicker, most manufacturers and customers accept the US
Energy Star recommended method for calculating Flicker
Index. [2] [3]

Luminous
Flux Qutput

4
Average
Luminous
Flux Output

'—b time

One Cycle

Figure 1. Definition of Flicker Index

For a periodic variation in luminous flux output as shown in
Figure 1. the definition of Flicker Index (F.I.) is:

Fl = Area |

T R 1
Areal+ Area 2 (1)

In practice, F.I. below 0.15 is considered imperceptible so,
naturally, lighting manufacturers aim to achieve or surpass
this.

To deal with flickering, energy-storage devices are required.
Capacitor is a kind of energy-storage device. A straight-
forward idea of applying capacitors in DACD systems is
adding a valley-fill circuit to its front end, as shown in
Figure 2. But, the drawback of this architecture is that input
current will be distorted, which leads to degraded PF and
Total Harmonic Distortion (THD). Reason of the distortion
is that charging and discharging of the capacitors in valley-
fill circuit change shape of input-current waveform, which is
originally very close to a sinusoidal wave in-phase with
input  voltage for DACD systems. For example, the
waveform in Figure 3 comes with THD of 21.77%. Without
the valley-fill front end, THD could be as low as 11.36%.

Valley-fill
..gircuit | DACD and LED

A —

e Vv
rectifier ;

Y

Traditional Valley-fill Circuitry with a DACD
System

Figure 2.

Figure 3. Waveform of DACD System with
Traiditional Valley-Fill Circuit (Ch1: AC Input Voltage,
Ch2: Output of Valley-Fill Circuit, Ch4: AC Input Current)
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This application note now proposes a new proprietary
method called Self Valley Fill (SVF) which achieves low
flicker, high PF and low THD at the same time, as well as
outlines its practical design considerations.

Concept of Self Valley Fill (SVF)

A typical SVF circuitry is shown in Figure 4. Originally the
driver IC regulates input current to drive the LEDs. With
added capacitors in the SVF circuit, the input current
charges capacitor and drives LEDs simultaneously. The
charged capacitors also supply LEDs when regulated
driving current is cut off. Thus, LED currents get smoothed
without distorting the AC input current shape. As a result,
flickering of light output is reduced while maintaining high
PF and THD performance.

Cvoo|_

diode e 4

LED, Y2

T Csvra

TIT2 TaT4 -t

Figure 4.  Self Valley Fill in a DACD System

For simplicity, the operation of the Self Valley Fill circuit is
explained using one of the LED segments as an example as
shown in Figure 5. Before the SVF capacitor, Cgypi, is
applied, the circuitry is no difference than general DACD
system. When anode voltage of LEDi, V,;, is higher than
forward-voltage summation of D; and LED;, Ipgys starts
conducting a regulated current until ¥ drops below the
summation of forward voltages.

Figure 5. Self Valley Fill In One LED Segment

APPLICATION NOTE

When the SVF capacitor is applied in the circuitry, /pgy; not
only drives LEDi but also charges Cgsyg simultaneously.
Current flowing through LEDi is less than /;gy; since part of
the current is used to charge Cgygi. Csyg; will be charged up
to around forward voltage of LEDi, Vi gp;, since the LED
clamps voltage on the capacitor. Once Ipgy; is cut off,
vo]tage accumulated on CSVFi supplies LEDi until VCSI’F{' is
discharged to threshold forward voltage of LEDi. The
threshold forward voltage means the forward voltage of the
LED when its forward current is extremely close to zero.

From the description above, two facts can be concluded.
First, since voltage on the SVF capacitor is kept around
forward voltage of its parallel-connected LED, behavior of
the driving current (/pz;;) will be the same. That is, when
anode voltage of the LED group exceeds the LED group’s
forward voltage, current starts to flow. The current ceases
when the anode voltage decreases to lower than the forward
voltage. As a result, input current will be almost identical to
the without-SVF case. Second, LED current will be
smoothed since driving current is shared to charge the
capacitor and the capacitor supplies LED when driving
current is absent.

The purpose of the additional diode D; is to avoid charges
on Csvp is wrongly discharged by driving current of its
previous tap, Ipryi.;. Note that D; can also be an LED.

Evaluate Required Capacitance of
Self Valley Fill in a Simplified
System

In this section, we try to show an analytical estimation of
how effective the SVF will be with a specific capacitance,
so that we can evaluate how big the capacitance should be.
To simplify the system, let’s focus on a circuit like shown in
Figure 5. which is redrawn in Figure 6 with its driving
current waveform. The driving current has a periodic
rectangular waveform with amplitude 7z and on-time ¢y
in each period.

I
A
Tory .
IAVG
0 toy T TtHigy 2T -
Figure 6.  Simplified Schematic of SVF In One LED

Segment
Without the capacitor, the driving current is equal to LED
current. Average driving current in this case is:

I -t
Ly = DRVT = (2)
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Assume luminous flux is proportional driving current.
Based on the definition, flicker index in this situation is:

(]DRV_[ X )'t
F.I. - AVG ON
bosye =2 — =2 (3)

Iiep

Slope= yTVr
1 F

V
Vi LED

Figure 7.  Simplified LED Model with SVF Circuit

When the SVF capacitor is added, actual LED current
depends on V-I characteristics of the LED. Assume the LED
can be modeled as a fixed voltage drop with a series resistor
as shown in Figure 7. Assuming voltage on the SVF
capacitor is always higher than Vi, LED current over one
period can be calculated through circuit analysis.

_T-Tyy
I‘*e e -
=
— —— e € " Ly TOrtel0,4,]
; _| 1-e®€
i (£) = i 8 (4)
C t=tox
L2 § Aoy e i 2
r
|4 forteft,.T]

Based on same assumption as in (3), flicker index of this
condition can be calculated as:

r
:(IHRI’_‘(.[I(.‘)"().‘V+rF'C_1n P—tgy 1=e -

Fill. o 7 T G0 S
ory " ton ox e &F
3 (5)
rC. | T=ty, 1=e ™"
= = N
ON ] —e [

The equation is a little bit complicated to interpret. Let
assume a case with rp= 150Q, T = 8.33 ms, toy= 0.56T,
Ipry= 71 mA. Flicker Index can be represented as a function
of the SVF capacitance as in Figure 8. Figure 8 shows that if
SVF capacitance is larger, Flicker Index will be lowered.
When there is no SVF capacitor, Flicker Index is 0.44
according to (3). While 47-uF SVF capacitor is
implemented in this case, F.I. can be as low as 0.06.
Driving current and LED current under 47-upF SVF
capacitance are shown in Figure 9.

Flicker
index

Figure 8.

Current
(A)

Figure 9.

0.0
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0.0

(

APPLICATION NOTE
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Flicker Index vs. SVF Capacitance

L
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= LED current
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N time

Driving Current and LED Current of
Simplified SVF Circuit with 100-puF Capacitance
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Evaluation and Measurement of a
Practical DACD system with SVF

Figure 10 shows a schematic of a DACD system with SVF
for reduction of flickering. It is actually schematic of the

APPLICATION NOTE

Calculation process of current and timing parameters of the
same system without SVF can be referred to design example
in FL77944’s application note [5]. It is a system designed
for 220 Vac input and input wattage is 12 W. Key
parameters used in this section are listed in Table 1.

‘ e i
evaluation  board  “FEBFL77944 L80H012B [4].
. = b
o1
¥ oiooe
. F1
T | 250VaciIA
‘- ; p———
2 4 _LEc1 1 032zt
S Nios [Rios ATUF 100V G Zousne SR 3 Mode s to GND: Enable PWM(DIM) function.
G52 | Los2 LGS2i ) | A Mode s to VDD: Disable PWM(DIM) function.
ut o
LIT044 ORLAZIE
- grooe L‘ viN  KooE 5 =1 0
2 A 2012,
LED4~6 g veo 12 {
‘ ] 2 iepr oo |-
| ] n—d ne ] -
L33 TR i i 2
seleielt T ] oo
Th 1603 inepsa 12
B *—ne.  owo T
%E DIODE - s76R/2012
LEDT~9 High~Line 1m0
a
7 Kes KSP7ROT
¥y ¥y ¥ = areF 100w e
Leor [Neos [Neop [¥ e
LO82ax | GEZex LGBZxx 4158
.t T
DiocE 3
DROF 1216 Dim: R
LED10~12 o = ey

Isense =, (0.952 * Vach / (14 * Na:taqel} 4

Yy v ¥ = e R
LED 10| iEDH {Em: :3 J e 2040216
LO&2xx |GA2ax |GSExx

B o
R c2
4742012 NE¥2012

* EC1l, EC2, EC3, EC4 “can be used for enable Self Valley Fill functiiop,

* Disable Self Valley Fill Function: ECl, EC2,

EC3, EC4 ==>DNP

%E BMC41204

Figure 10. Schematic of FL77944 Evaluation Board with SVF

aligned to 1=0. toy and Ipgy of each group are listed in Table
2!

Table 1. Key Parameters of the Design Example

Parameter Number Unit
E 1/120 ms

lLeD1 14.5 mA
ILen2 29.8 mA
ILepa 66.9 mA
lLeDa 74.1 mA

T 0.51 ms

T2 1.08 ms

T3 1.84 ms

T4 2.75 ms
IF1,AVG 47.22 mA
lr2,avG 45.24 mA

IF3 avG 39.8 mA
e 252 mA

To apply the equations derived above, the current
waveforms Iy are simplified as in Figure 11. Average
values of the original and simplified waveforms are the
same. The tyy of the simplified waveform is equal to time
duration that its original waveform is higher than its average
value. Turning-on moment of the simplified waveforms is

oiF 4 ] ol ' 4
-------- . -
v A '
= H < '
& 00 == ......: ...... B 1) S TR S S
' H
' "
: iy o i
0 T ge10? 0 a1’ T
Time (s) Time (s)
Group1 Group 2
T T
01 E 01+ B
z [~ v < '
= ' <
= 001 . - £ 00f =
e e 1
. = weufe s ssdes =
'
'
0 1 0 3 5
0 172 107 0 _?;lu" gx107
ime (s) ime (s)
Group 3 Group 4

Figure 11. LED Group Current in Half AC Period
(RED: Original, Blue: Simplified, Green: Average)
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Table 2. Parameters of the Simplified Current

Waveform

Parameter Number Unit

ton1 4.65 ms
tonz 4.65 ms
tons 4.65 ms
tona 2.83 ms
IpRv1 85 mA
IpRvz2 81 mA
Iprva 71 mA
lorva 74 mA

The LEDs implemented in this system has V-I curve as
shown in Figure 12. It can be modeled as a fixed 55.56-V
voltage drop plus a series 450-Q resistor. Since there are
three LEDs put in parallel for each LED group, the effective
resistance is 150 Q.

25 4
| 1
‘<— 20 | i
L=
o 15 = = original curve I
‘ Slope=1/450 modeling
10 -— - -
S - =
| 0 +—— ——
| 50 55 60 65 70 75 |

| 55.56 VE(V)
Figure 12. V-] Curve of the LED

tons Iprys Lyve, and rp of each LED group are now calculated.
So, we can have Flicker Index of each LED group according
to (5). For Flicker Index of the whole system, we can simply
evaluate it by weighted sum of each LED group’s Flicker
Index according to their average current.

L roru = Lwe r1 H gerat L s + g ra (6)
[.-IIT:',P'I ‘rzﬂ'ﬁ',f“l
= 1], 550 N\ e
i AVG TOTAL

AVG TOTAL Ipkva
L Fi i
Toxi

I I (7)
AVG F3 AVG F4
—EE v F| LA .
- - i
Ippis AVG TOTAL Ipkya
LG Fy Taa Fq
Toxs Tona

+F.J|

W

I,H G, TOTAL

Assuming same capacitance is applied in every LED group,
Flicker Index versus the capacitance can be drawn as Figure
13. It indicates that Flicker Index is 0.069 when 47-uF
capacitor is applied in each LED group.

APPLICATION NOTE

0.3 =1
Flicker
index of i |
whole
system
0.1 =
0 1 L
50 100 150
SVF Capacitance (uF) in
Each LED Group
Figure 13. Flicker Index vs. SVF Capacitance of the

Design Example

Figure 14 shows measurement result from a light meter. The
“without SVF” means to simply remove the capacitors from
the circuit. It can be seen that SVF improves Flicker Index
from 0.35 to 0.07 in this design.

T

(L —— N
Tt e ey

1 [pA e
| et eRe

:iﬁTm
| [
b

(a) Without SVF

~ (b) With SVF
Measurement result of SVF with Light Meter

Figure 14.

This section shows a design example and its experiment
result. The equations derived in previous section are
extended to a much complicated system. There are
assumptions and approximations when applying the
equations.

For more complicated designs or more accurate results, the
assumptions and approximations of this section may not be
appropriate. For example, the capacitor may not be large
enough to make the LED current not cut off, or the first-
order approximation of the LED model may not be accurate
enough. Since currents in LED and capacitor depend on
each other, the calculation process is complicated. Computer
simulation or mathematical software may be required for
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design estimation. A Design Tool has been provided to
assist in designing SVF capacitors [6].

If those kinds of tools are not available, the design can also
be done through experimenting with different capacitances
and measuring the Flicker Index directly with hardware.

Practical Design Considerations
along with SVF

To Design by Trial

DACD system is generally designed as evenly separated
LED groups, which means effective forward voltage of each
LED group is identical. A simple way to design the SVF
capacitance of this kind of system is to put identical
capacitors to each LED group. While changing the
capacitance value, replace all the capacitors at the same
time.

Discharging Resistor

Due to existence of the SVF capacitors, when input power
source is turned off, luminous flux decays to zero slowly. If
it is considered too long for dimmed to black, resistors can
be added in parallel with the SVF capacitors. Resistance
value can be achieved through making R-C time constant
equal to the desired response time.

7=RxCgy (8)

LED;,

Csvr1
TTS

Adding Resistor to Discharge the SVF
Capacitor

Figure 15.

Applying Capacitors not in Every LED Group

In Figure 4, every LED group is with SVF capacitor.
Designing in this way generally leads to good results in
luminary and electrical characteristics of the system. If, in
some cases, it is desired to design the system to have only
some LED groups having the SVF capacitors, it is also
doable. The driver can still work properly. Of course, only
the LED groups with SVF capacitors get smoothed
luminous output,

APPLICATION NOTE

,f '\/"\I
RVIN
CSVH
VIN
E\mn LED1
5, LED2
K
CVDL_ i s CSVFZ
LED4
Ccs
RCS
$ Zener
diode
Figure 16. SVF Capacitors are only applied to some
LED groups

Clamping the Inrush Voltage Spike

One more thing to be considered is transient voltage spike
when turning on input voltage to a DACD system with SVF.
Before powering on, initial voltage on the capacitors will be
zero. Referring to Figure 17, assuming the input is turned on
at its peak value, since initial voltage is zero for all the
capacitors, the LED4 pin in Figure 17 will see directly the
peak value of input voltage. If this voltage is beyond voltage
rating of the LED4 pin, the driver IC is very likely to be
damaged. In such cases, a Zener diode as shown in Figure
17 is required. For example, when the voltage rating of
LED4 is 200 V and peak of input voltage is 310 V, a less
than 200V Zener diode is required to clamp the voltage
spike. Since the transient time is not too short, power rating
of the Zener diode needs to be high. SMCJ200A from Little
Fuse is generally applied in our evaluation board. Its power
rating is 1500 W. Also worth noting is that the Zener
voltage should not be smaller than difference between
maximum peak input voltage and LEDs’ total effective
forward voltage. If so, the Zener diode will be turned on at
the peak input voltage region in every AC cycle. The circuit
will not operate properly, consume lots of energy, and
possibly be damaged.
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Vinpeak
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Figure 17.

Lo}

Capacitors Get Charged

+
CaveV(1=0)=0V

+

+CMZV(t=0)=OV

% CsvrV/(1=0)=0V

+

LED.:!&; 'L]— CsveV(1=0)=0V

Voltage Spike on LED4 pin Before SVF

Another way to alleviate the impact of voltage spike and
current inrush for charging the capacitors is to add inductors
in front of bridge diode. Voltage spike and current inrush
will be smoothed because that inductor takes time to get

© 2016 Fairchild Semiconductor Corporation

APPLICATION NOTE

energized. This inductor can also be implemented with

capacitors to form an L-C filter for enhancing immunity to
lighting surge.

3 mH

5.
6.8nF, _L ‘i
450V T i

Example of Input L-C Filter

Figure 18.
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FEATURES

+ 5 x 8 dots with cursor

« Built-in controller (KS 0066 or Equivalent)

* + 5V power supply (Also available for + 3V)

= 1/16 duty cycle

+ B/L to be driven by pin 1, pin 2 or pin 15, pin 16 or A.K (LED)
« N.V. optional for + 3V power supply

ABSOLUTE MAXIMUM RATING

MECHANICAL DATA

ITEM STANDARD VALUE UNIT
Module Dimension 80.0 x 36.0 mm
Viewing Area 66.0 x 16.0 mm
Dot Size 0.56 x 0.66 mm
Character Size 2.96 x 5.56 mm

ITEM SYMBOL STANDARD VALUE UNIT

MIN. | TYP. | MAX.

Power Supply | VDD-VSS -0.3 - 7.0

Input Voltage Vi -0.3 - VDD

NOTE: VSS = 0 Volt, VDD = 5.0 Volt

ELECTRICAL SPECIFICATIONS
ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. TYP MAX.

Input Voltage VDD VDD = + 5V 4.7 5.0 5.3

VDD =+ 3V 2.7 3.0 5.3
Supply Current IDD VDD =5V & 9.2 3.0 mA

-20°C - - 4
Recommended LC Driving VDD - VO 0°C 4.2 4.8 g.1 v
Voltage for Normal Temp. 25°C 3.8 4.2 4.6
Version Module 50°C 3.6 4.0 4.4
70°C - - -
LED Forward Voltage VF 25°C - 4.2 4.6 \
LED Forward Current IF 25°C | Array = 130 260 mA
Edge - 20 40

EL Power Supply Current IEL Vel = 110VAC:400Hz - - 5.0 mA

DISPLAY CHARACTER ADDRESS CODE:

Display Position

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

DD RAM Address 00 01 OF

DD RAM Address | 40 41 4F
Document Number: 37217 For Technical Questions, Contact: Displays@ Vishay.com www.vishay.com
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PIN NUMBER SYMBOL FUNCTION
1 Vss GND
2 Vdd +3Vor+5V
3 Vo Contrast Adjustment
4 RS H/L Register Select Signal
5 RIW H/L Read/Write Signal
6 E H —L Enable Signal
7 DBO H/L Data Bus Line
8 DB1 H/L Data Bus Line
9 DB2 H/L Data Bus Line
10 DB3 H/L Data Bus Line
11 DB4 H/L Data Bus Line
12 DB5 H/L Data Bus Line
13 DB6 H/L Data Bus Line
14 ) DB7 H/L Data Bus Line
15 A/Vee + 4.2V for LED/Negative Voltage Output
16 K Power Supply for B/L (OV)
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1.0A SURFACE MOUNT GLASS PASSIVATED BRIDGE RECTIFIER

Features Mechanical Data

+  Glass Passivated Die Construction . Case: DF-S

. Low Forward Voltage Drop, High Current Capability e  Case Material: Molded Plastic. UL Flammability

«  Surge Overload Rating to 50A Peak Classification Rating 94V-0

e  Designed for Surface Mount Application . Moisture Sensitivity: Level 1 per J-STD-020C

¢ UL Listed Under Recognized Component Index, File e  Terminals: Finish - Tin. Solderable per MIL-STD-202,
Number E94661 Method 208 @®

* Lead-Free Finish; RoHS Compliant (Notes 1 & 2) D Polarity: As Marked on Case

= Weight: 0.38 grams (approximate)

Ordering Information (Note 3)

Part Number Case Packaging
DFxS DF-S 50 Per Tube
DFxS-T DF-S 1500/Tape & Reel, 13-inch

Notes: 1. EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant. All applicable RoHS exemptions applied.
2. See http://www.diodes.com/quality/lead_free.html for more information about Diodes Incorporated's definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. For packaging details, go to our website at http:/iwww.diodes.com/products/packages.html.

Marking Information

g A

DFxxxS = Product Type Marking Code,ex:DF10S

1y YWW = Date Code Marking

DFxxxS Y = Last digit of year (ex: 2 for 2012)
YWWN WW =Week code 01 to 52

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

Single phase, half wave, 60Hz, resistive or inductive load
For capacitive load, derate current by 20%.

o DF DF DF DF DF DF DF .
Characteristic Symbol 005S 01S 028 043 068 08S 108 Unit
Peak Repetitive Reverse Voltage VrRMM
Working Peak Reverse Voltage VRwWM 50 100 200 400 600 800 1000 A
DC Blocking Voltage Vi
RMS Reverse Voltage VRrMS 35 70 140 280 420 560 700 \
Average Forward Rectified Current @ Ta = +40°C lo 1.0
Non-Repetitive Peak Forward Surge Current, 8.3 ms | 50
Single Half Sine-Wave Superimposed on Rated Load i
Non-Repetitive Peak Forward Surge Current, 1.0 ms | 100 5
Single Half Sine-Wave Superimposed on Rated Load =M
Thermal Characteristics
o DF | DF DF DF DF DF DF .
Characteristic Symbol 0058 018 028 04S 06S 08S 108 Unit
Typical Thermal Resistance, Junction to Ambient (Note 2) Raja +40 °C/wW
Operating and Storage Temperature Range Ty, TsTe -65to +150 °C
Electrical Characteristics (@Ta = +25°C, unless otherwise specified.)
i DF DF DF DF DF DF DF Z
Characteristic Symbol 005S 01s 025 04S 06S 08S 108 Unit
Forward Voltage (per element) @ IF=1.0A VEM 1.1 \%
Peak Reverse Current at Rated @ Ta=+25°C | 10 uA
DC Blocking Voltage (per element) @ Ta=+125°C sl 500
I’t Rating for Fusing (t<8.3ms) It 10.4 A’s
Typical Total Capacitance (per element) (Note 1) Cr 25 pF
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